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ed HjSO,: 30% HjC« for 30 rob at 50 *C, then rinsed with 
copious amounts of water, followed by ethanoi. (Warning: piranha etch solution reacts 
violently with organic materials and should be handled with extreme caution.) Metal wa 
deposited at a rate of 0.2 nnVs using an Edwards Auto 306 evi 
10 xlO 7 millibar) equipped with auEdwai 

oxidized sides of the silicon were coated with o Ti adhesion layer of 5 nm, followed by 
200nm of sold. 

icd with fluorescchi-allcy]thi< 
adding freshly deproteeted oliEomiclcoti 
concentration -10 nM) to a final oligonucleotide concentration of 3 uM. After 24 hours, 
the solution was buffered at pH 7 (0.0 1 M phosphate), and NaCI solution was added (to 
final concentration of 0.1 M). The solution was allowed to 'age' under these conditions 
for an additional 40 hours. Excess reagents were then removed by centriruyation for 30 
minutes at 14,000 rpm. Following removal of the supernatant, the red oily precipitate 
was washed twice with 0.3 M NaCI, 1 0 roM phosphate buffer, pH 7, solution (PBS) by 
successive cenfrifugation and redispersion, then finally redispereed in fresh butter 

mi (- 1 0% as determined by UV-vis spectroscopy) of 
iring the washing procedure. Therefore, 
ed byTEM, ICP-AES, and UV-vis 
nd particle size distributions did not 

H. Preparation of 5' AlkvlHuoi Oliaomicleotide-Modificd Gold Thin Films. 
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Silicon supported gold thin films were immersed in deposition solutions of 



extensively with 0.3 M PBS and sti 
side only, I i t a )r ^ it d i j ilicon oxide face. However, alkylthiol 
modified DNA did not adsorb appreciably to bare silicon oxide surfaces th»t were rir 



Macaptoethauol (MB) was added (final concentration 12 mM) to fluorophore- 



>s. Ailerl8h0( 

Jiniitg displaced oligonucleotides were separated from the gold by either 
nanoparticles, or by removal of the gold thin film. Aliquots of 
:d two-fold by addition of 0.3 M PBS, pH 7. Care was taken to 
keep the pH and ionic strength of the sample and calibration standard solutions the same 
for all measurements due to the sensitivity of the optical properties of fluorescein to these 
conditions (Zhao ct al, Spedmchimica Ada 45A:1 113-1116 (1989)). Tl 

alkylthiol modified oligonucleotidoby interpolation fro 




Gtegory,Z)i g t/<i//moge>'rr«!«Sing,p. 157(1994). 
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ne the activity of attached oligonucleotides for hybridization, 



oligonucleotides (12'P), were reacted with oligonucleotide modified Surfaces (gold 
5 nanoparticlcs or thin films) under hybridization conditions (3 uM complementary 
t, 0.3 M PBS, pH 7, 24 lit). Non-hybndized oligonucleotides were 



emoved from tho gold by rinsing twice with buffered sal 
he fluorophore-labslcd oligonucleotides were dehybridized by addition of NaOH (final 
n ~ 50 mM, pH U- 1 2, 4 hr). Following separation of the solution containing 




ed oligonucleotides, followed by removal of the fluoropbore-labeled 
Oligonucleotides from the gold surface, and quantitation of oligonucleotide concentration 
using fluorescence spectroscopy (as described above). 

Removal of all the oligonucleotides Horn the gold surface and subsequent 

data by fluorescence for several reasons. First, the fluorescence signal of labeled, surface 
bound DNA is efficiently quenched as a result of fluorescence resonance energy transfer 
(FRET) to the gold nanoparticle. Indeed, there is almost 



oligonucleotide in solution is washed away. Second, the gold nanoparticlcs absorb a 
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significant amounl of light between 200 ran anil 530 nm, so their presence in solution 
during fluorescence measurements sets as a fitter and diminishes the available excilalio 
energy, as well as the intensity of emitted radiation. The gold surface plasraon band at 

Mercaptoelhanol (ME) was used to rapidly displace the surface bound 



oligonucleotide-modified nanoparticles were exposed to ME (1 2 tnM) for increasing 
periods of time prior to centrifugation and fluorescence measurements. The intensity of 
fluorescence associated with the solution free of nanoparticles can be used to determine 
10 how much oligonucleotide was released from the nanoparticles. The amount of 

oligonucleotide freed in exchange with ME increased until ubout 10 hours of exposure 
(Figure 20), which is indicative of complete oligonucleotide displacement. The 
displacement reaction was rapid, which is presumably due to the inability of the 
oligonucleotide film to block access of the ME to the gold surface (Bicbuyclr ct al., 
15 Langmwr9:\m{\m)). 

The average oligonucleotide surface coverage of alxylthio^ocbfied )2mer 
± I pmol/cm 2 (average often 



corresponds to roughly 159 Ihiol-bound I2mer strands par gold particle. Despite slight 
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hin the range of previous 
Gliris (JO pmol.'cm 2 for a 25 base oligonucleotide on gold electrodes det 
electrochemistry or surface ptasmon resonance spectroscopy (SPRS) (Si 
Gtaw. 70;4670-«77(1998)). Differences ill! 



les(t2l'"}loi 

e. Briefly, S12F modified nanoparticlcs were exposed to 
HM for 24 tours under hybridization conditions (0.3 M PBS 

remove the hybridized strands from the gold before measuring fluorescence. This was 
accomplished by denaturing the duplex DKA in s high pH solution (NoOH, pH 11) 

(approximately 6 duplexes per 15 .7 nm particle; the average number of duplexes per 



pmol/cnr' by the average particle surface area as found ftc 
oligonucleotides (12F') in 0.3 M PBS. Ariel extensive rinsing (successive 

cenrrirugation/redispersion steps) and subsequent nigh pH treatment, the coverage of 
non-speciSrally adsorbed oligonucleotides on the nanoparticles was delertnined to be on 
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with hybridization reported for mixed base 25mer on an Bold electrode (2-6 pmol/crrf) 
(Steel eUl.,/f»af. Chcrn. 70:4670-4677(1998)). 

Surface coverages and hybridization values of the S12F/12F system for both 




Although the high coverage of the S 12F oligonucleotide is advantageous in terms 



was chosen based on the assumption that: I) bases near the nsmopartiele surface are 
sterically inaccessible because of weak interactions between the nitrogenous bases and 
the gold surface, as well as inters-bind stcric crowding, and 2) on a 1 5 .7 ran diameter 



roughly perpendicular to the surface (Levicky el a!., /, Am. Chw*. &c. 17.0:9787-9792 
(1998)) will lead to a ftta with a greater free volume as compared v. lib a dim formed 

While the surface density of single-stranded SA»12F strands (15 ± 4 pmol/cm 3 ) 
25 waslowerthanthatofS12F(34± 1 pmol/cm 2 ), the particles modified with a }2-mer 
using the identical surface modification showed comparable stability compared to those 

system (6.6 ±0.2 pmol/cm ! , 44%) was increased to approximately 10 times that of the 





20 
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nanoparticles modified withS12Fin] 
block precipitate upon centrifugalion, while those aged in salt resisted aggregation when 
ccnlvifiiged, sven in high ionic strength solutions. It isproposed that the increased 
stability is due to higher oligonucleotide surface coverages wllicb leads to greater stcric 
and electrostatic protection. Using the SA»12F modified particles, the effect of 
electrolyte condition 
table 8, final sui 

l lower (7.9 ± 0.2 pmolW) compared to 



treatment is essential for preparing stable oligonucleotide particles. Therefore, the 
particles must be initially modified with alkytthiol oligonucleotides in water prior to 
gradually increasing the ionic strength. It is likely that oligonucleotides initially lie Hat, 
bound through weak interactions of the nitrogenous bases with gold. A similar mode of 
interaction has been proposed for oligonucleotides on thin films (Heme « tl,J. Am. 
Chm. Soc. 1 19:8916-8920 (1997)). However, the interaction between oligonucleotides 
and the positively charged nanoparticle surface (Weill et al., Surf. Set. 158:147-164 
(1985)) is expected to be even stronger. In the aging step, the high ionic strength medium 
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ruuioparticles modified with S3Tiol2F and S3'A»I2F is the greater surface coverage 
achieved with the 20 dT spacer (35 ± 1 pmolW), in comparison to the 20 <l A spacer 
(24 1 1 pmol/cm ! ). The number of hybridized strands was comparable, although the 

les (79 %) than the SAW 2 nanopanicles (-94%). These results suggest that 

dTricholi 

tly,20dTsj* 




This is most readily accomplished by adjusting the surface density 
of recognition strands. Ottwnescaicbcrs have used coadsorbed diluent alkyllhiols such 
as mercaptohexanol with modified oligonuclcorides on gold electrodes to control 
hybridization (Steel et al,A»"l Clmn. 70:4670-4677 (1998); Hemect al.,./. Am. Chom. 
Sac. 119:8916.8920 (1997)). However, the inherent low stability of unprotected gold 



ice (SA,o) [SEQ TO NO:S5] proved to be suitable in 



NanoparuclesweremodinedusingsoluUousconta,i>r K uu '..i rccogm m 
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strand (SAjolJF) to diluent (SA M ) strand molar ratios. The resulting particles wore 

The SAm 1 2F surface dcj 
S SA»12FtoSA M inl 

because it suggests that the ratio of SAa,12F to SAjo attached to the nanoparticles reflects 
that of the solution. This result is in contrast to what is normally seen for mixtures of 
short chain alkyl or T-functionalizcd thiols, where solubility and chain length play a 
crucial rolo in adsorption kinetics {Bain 4LA.J. Am. Own. St>c. 111:7155-7164(1989); 
10 BainetaM Am. Chem. Soc. 111:7164-7175 (1989)). 

The amount of complementary 12F' oligonucleotide which hybridized to each 
different sample also increased linearly with increasing SA M 12F surface coverage, ilgure 
31 . The fact that this relationship is well defined indicates that il is possible to predict 
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Example 19: Gene Chip Assay 

AD ultras-elective and ultrasensitive method for analyzing combinatorial DNA 




nanoparticle-target complexes permits the discrimination of a given oligonucleotide 




catalyzed reduction of stlvenT), the sensitivity of this nanoparticle array detection system 
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fluorophorc system by iwo orders of 




specific hybridization of surface-bound, single-strand capture oligonucleotides 

t DNAs. Both the specificity and sensitivity of these assays are 
McUtion properties of capture strands hybridized to perfectly- 
«i targets. As described heiow, it has surprisingly been 
type of nanoparticles hybridized to 



15 These two observations, combined wii 

amplification method based upon nanoparticle catalyzed reduction of silvcr(D, have 
allowed the development of a new chip-based detection system for UNA. that has singte- 
th selectivity and a sensitivity that is two orders ofmagnitude more sensitive 



prepared as described in Example 3 we 
DNA sequence hybridized to a transparent substrate in a three-component sandwich 
assay formal (see Figure 31). In a typical experiment, a substrate was fabricated by 
aat glass microscope slide (Ksher Scientific) with amine-modificd 
ilolO. Thisn 
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ins 1 oM), the high density of hybridized nanopartides on 

attached nanopartides could not be visualized with the naked eye (although they could be 
imaged by field-emission scanning electron microscopy). In order to facilitate the 
visualization of nanoparticlcs hybridized to the substrate surface, u signal amplification 
method in which silver ions are catalyucaUy reduced by bydroquinone to form silver 
metal on the slide surface was employed. Although this method has been used for 
itofprotcin- and antibody-conjugated sold nanoparticlcs in histochemical 
es (Haclctr, in Colloidal Gold: Principles, Methods, and Applications, 
(Academic Press, San Diego, 1989), vol. I, chap. 10; Zehbe ct al, An. 
53 (1991)) its t«e in quantitative DMA hybridization assays is novel 
Ami Blockem., 171 :217 (1988)). Not only did this method allow very 
low surface coverages of nanoparticte probes to be visualized by a simple flatbed scanner 
or the naked eye (Figure 33), il also permitted quantification of target hybridization based 
Wined area (Figure 34). Significantly, in the absence of the 



observed, demonstrating that neither nonspecific binding of nanoparlicles to 1 



or "gene chips") (Potior, Science 277, 
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range (fust derivative RVHM - 16 »C), idt 
much more sharply (first derivative FWHM = 3 °C). It was anticipated that ttaes 
sharpened dissociation profiles would improve (he stringency of chip-based seqi 
analysis, which is usually effected by a post-hybridisation stringency wash. Ind< 
ratio of target hybridized to corrrpkrrJCDlary surface probes to that hybridized 10 



vertical lines in Figure 35) is much higher with naroparticle labels than (luorophore 
labels. This should translate to higher selectivity in chip detection formats. £u addition, 
iianoparticle labels should increase array sensitivity by raising the melting temperature 
(r„) of surface duplexes, which lov 



were fabricated according to published protocols (Guo ct «1„ Micl. Acids Res.. 22:5456 
(1 994); arrays of 1 75 um diameter spots separated by 375 :m were patterned usiug a 
Genetic Microsystems 417 Microarrayer). Arrays contained four elements corresponding 
to the each of the four possible nucleotides (N) at position 8 of the target (see Figure 32). 
Thesyi 



stringeiicybufferwashat35°C. First,20|iLofa 1 nlvf solution of synthetic tar 
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X PBS (0.3 M NaCl, 10 mMNaHjPO/Na.HPOj buffer, pH 7) was hybridized to the 
array for 4 hours al room temperature in a hybridization chamber (Grace Bio-Labs Cover 
Well PC20), and then washed at 35 C C with clean 2 X PBS buffer. Ncxt,20pi.of a 100 
pM solution of oligouucleolide-raiictionalized gold mmoparu'cles in 2 X PBS was 
5 hybridized to the array for 4 hours at room temperature in a fresh hybridization chamber. 
The array was washed at 35°C with clean 2 X PBS, then twice with 2 X PBN (0.3 M 
NaNOj, 10 mM NaHiPCVNaiHPOi butter, pH 7). Then, Ih 




adsorption by nanopartictes or sil' 
reported by the flatbed set 
The darker spots corresponding to adenine at position 8 (N=A) indicate thai 
oligonucleotide target hybridized preferentially to perfectly complementary capture 

grayscale values for each set of spots follows the predicted stability of the Watson-Crick 
base pairs, A^T ^ G:T > C:T > T:T (Allawi etal., Biochemistry 36, 10581, (198B». 
Normally, GTmismatehes are particularly difficult to discriminate from A:T 
complements (Saild et al., in Mutation IMeaion, Cotton « «L, eds. (Oxford University 
Press. Outbid. 1 99S). chap. 7; S. Bona et al., Nud. Acitls Res. IS, 797 (1 98?)), and the 
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36B, ftoorophore labels provided only 2: 1 selectivity for ad 



than those utilizing [Uiorophore-labeled probes. Hybridization signal could be resolved at 



ing 20 |iL of solution, 1 x 10 4 total copies); this represents a dramatic 
increase in sensitivity over common Cy3/CyS fluorophorc-labcled arrays, for which - I 
pM or greater target eoiKienttations ate typically required. The higher melting 
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yield uanoparticlw a and 8, respectively (see Figure 37). Glass slides »e 
functionalized with 12-mer oligonucleotide 2 as described in Example 10. 
nanoparticle layers, (he substrates were first immersed in a 10 nM sol 
linker 3 (5'-TACGAGTTGAGAATCCTGAATGCG-3' [f 

i it for 4 hours 41 room temperature (sec Figure 37). The substrates wc 



for4hoursa 

nanoparticle layer could bo attached to the first one by similarly exposing the surface to 
solutions oflinker 3 and nanoparticle b. These hybridization steps could be repealed to 



promoted the hybridization of the DNA lin 
15 (>0.05MNaCl),andai( 

Bach hybridized nanoparticle layer imparted a deeper red col 
and alter ten hybridized layers, the supporting glass slide appeared reflective and gold in 
color. Transmission UV-vis spectroscopy of the substrate was used to monitor the 
successive hybridization of oanoparticle layers to the surface, Figure 38A . The low 
20 alsorbaoce of tho initial nanoparticle layer suggests tha 

Snear increase in the intensity of the nlasmon 
la! layer (for each successive nanoparticle layer formation, no 
vas observed on exposure for longer times or to higher concet 



hybridized nanoparticles with each successive application, Figure 3SB. This is supported 
by Beld-emission scanning electron microscope (FE-SEM) images ofone (Figure 39A) 
and two (Figure 39B) nanoparticle layers on a surface, which show low nanoparticle 
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coverage wiib one layer, but near complete coverage with two layers. The ^ of the 
plasmon band for the multilayer assemblies shifts no more than 10 nm, even after 5 
layers. The direction of this shift is consistent with other experimental (Grabar el Jl, J. 
Am. Chm. See. 118:1148 (1996)) and theoretical (Quintan et al. Surf. Sci. ) 72:557 
(1986); Yaoget aL, J. Chm. Phys. 103:869 (1995)) treatments of gold nanoparticle 
iver. the magnitude of the shift is small compared to that previously 



probes. (Storhoff et a)., J. Am. Chan Soc 120:1959 (1998); Storhoff el i 
8:179 (1997); Elghanian eta!., SeunKX 277:1078 (1997); Mi 
(.1996).). Surface plasmon shifts for aggregated gold nanoparticlcs have been shown to 
be highly dependent on mterparticle distance (Quintm et at., Stirf. Sci. 172:557 (1986); 
Storhoff ct >!., ./. Am. Chm. Soc, in press), snd the laige distances provided by 



20 suspended in buffer solution and lire temperature raised above the T„ of the linking 
oligonucleotides (53-C), thenanoptrticles dissociated into solution, leaving behind a 
colorless glass surface. Increasing or decreasing lite pH (>1 1 or <3) or decreasing the 
salt concentration of the buffet suspension (below -0.01 M NaCl) also dissociated the 
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Electron transport through D»A has been one of the n* 
subjects in chemistry over the past five yeors. (Kelley et i 
(IM9);Turroetal.,J-aJC'3:201-209(l998);Uwisotal.,^/C3:215-22UI998);Riitner, 
M. than 397:480-481 (1999); Okahata a .1., J. Am. Chan. Soc. 120:6165-6166 (1998)) 
Some claim tliol DMA is able to efficiently transport elc 



Chem. Soc. 117:12537-12548 f 
etal., J. EkammalOu 
1501 (1997);Bnut8tal, 
277:1973-1981 (1997)). 
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At the heart of this issue is the following .jueslion: Can nanoparticles assembled 
by DNA stUI conduct electricity or will the DNA interconnects, which are heavily loaded 
on each particle, (Muc-tc, & C. Synthetically Programmable Nanoparticle Assembly 
Using DNA, Thesis Ph.D., Northwestern University (1999)) act as insulating shells? The 
oligonucleotide length, and 



KOTocnt (see Figure 40), citrate-stabiliz 



(3- SH (CHj),0(PO ! ')0-ATGCTCAACTCT S' [SEQ ID NO:59]) and 1 (5' SH 
(Cl-WoOCPO'-JO-CGCATrCAGGAT 3' [SEQ ID NO:S0]) as described in Examples 1 
and 3. DNA strands wfli lengths of 24, 48, or 72 bases (3 
(5'TACGAGTf G AOAATCCTGAATGCG3 ' [SEQ ID KO:60]), 4 
(5'fACGAGTTGAGACCGTTAAGACGAGGCAATC-ATGCAATCCTGAATGCG 
3'[SEQIDNO:61]),and5 

(5'TACGAGTTGAGACCGTl'AAGACGAGGCAATCATGCATATATrGGACGClTT 
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WO01O1M5 t'CT/lMilJUOIMII 



ACGGACAACATCCTGAATCCG3'(SEQ ID NO:621) wereused as linkers. Fillers 6 
(3'GGCAATTCTGCTCCGTTAOTACGT5'[SEQ ID NO:63]) and 7 
(3'GGCAATTCTGCTCCGITAGTACGTATATAACCTGCGAAATGCCTCjITGS' 
[SEQ ID N0-.64]) were used with the 48 and 72 base linkers. The DNA-raodilied 
5 nanoparticles and DNA linkers anil (Mere were stored in 0.3 M NaCl, 1 0 mM phosphate 
(pH 7) buffer (referred as to 0.3 M PBS) prior to use. To construct naiioparticle 
assemblies, 1-modified gold nanoparticles (652 ul, 9.7 nM) and 2-mOdi/ied gold 
nanoparticles (652 ul, 9.7 llM) were added to linker DNA 3, 4, or S f30 ul, 10 nM). After 
fill) precipitation, (lie aggregates were washed with 0.3 M CHjCOONHa solution to 

Lyophilizalion (I0 J ~10 J ton-) of the aggregated, dryness results in pellels and 
removal of the volatile salt, CHjCOONH,. Unfunctionalizcd, eirrate-stabilized particles, 
prepared by the Frcns metliod, (Fi ens, Nairn Pkys. Sci. 24 1 :20-22 < 1973)) were oried as 
a film and used for comparison purposes. The resulting (Med aggregates had a color 

1 5 resembling tarnished bras and were very brittle. FE-SEM images demonstrated that 
oligonucleolide-modiftcd nanoparticles remained intact upon drying, while cilraie- 
stabitized nanoparticles fused to one anolher. Significantly, the dried DNA-linked 
aggregates could be redisperscd in 0.3 M PBS buffer (1 ml), and exhibited excellent 
melting properties; healing such a dispersion to 60 "C resulted in dehybridialion of the 

20 DNA interconnects, yielding a red solution ordispcrsed nanoparticles. This combined 
with the FE-SEM data conclusively demonstrated lhat DNA-modiftcd gold itanoparticlos 
are not irreversibly aggregated upon drying- 

The electrical conductivities of the three samples (dried aggregates linked by 3, 4, 
and 5, respectively) were measured using a computer-controlled, four-probe technique. 

25 Electrical contacts consisted of fine gold wires (25 and 60 pm diameter) attached to 
pellets with gold paste. Samples were cooled in a moderate vacuum (1 0° to IO -! torr), 
Mid conductivity was measured as the temperature was increased under a dry, low 
pressure of helium gas. The sample chamber was insulated from light in order to 
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.utl90'K, which is ( 
similar to tho behavior of activated election hopping observed in • 
island films Paiwinaki. Thin Solid Film I2»:l-9 (1985)). 0 
linked by alkanedilhiols have shown similar temperature dependence (Brust et aL, Adv. 
Mater. 7:795-797 (1995); Bethell ««!.../. Eiearoanal. Chan. 409.137-143 (1996)). 
Activation energies of charge transport can be obtained from a plot of In a versus l.T 



o^expI-MW)] (!) 

TTic average activation energies calculated from three measurements were 7.4 ± 07 meV, 
7.5 i 0.3 meV. and 7.6 ± 0.4 meV for the 24-, 48-, and 72-mer linkers, respectively. 
Conductivity data tin 50°K to 15CK were used for these calculations. 




Ics of DNA-iuodified colloid we 
!or magnitude, s = 2siu(OV % where 20 is the scattering angle and >. is 
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prepared and attached to 13 nm gold nanoparticles as described in Examples 1 andlS to 
yield nanoparticles a. Target DNA 3 and nanopajticlcs a were added to the device. The 
color of the glass surface Umjcd pink, indicating that target DNA-gold nanoparticte 
assemblies were formed on the glass substrate. Next, the device was immersed in 0.3 M 
NaCl, 1 0 mM phosphate buffer and healed at 40 "C for 1 hour to remove nonspccifically 
bound UNA, and then treated with a silver staining solution as described in Bxample !» 



sequence (.V NHjtaWjOiro'P-CGC-ATr-CAG-OAT [SEQ IB NCMOJ) as 
olijonucleotides 2 on the nanoparticles and will bind to target DNA 3 so as to prevent 
binding of the nanopartioles. The test was otherwise performed as described above. The 
resistance was higher Duo 40 MO, the detection limit of the multimeter that was used. 

This experiment shows that only complementary target DNA strands form 
nanoparticlc assemblies between the two electrodes of the device, and that the circuit can 




147 



(299) 



JP 2004-501340 A 2004.1.15 



with a large hydrophobic surface, mitfrt be expected to help screen Die approach of water 
soluble molecules lo (he gold surface (Lelsinger, et al., J. Am. Chero. Soc. 115,7535- 
7536 - Bioconjugale Ctran. 9, 826830). 

The oligonuctolide-gold probes used in previous studies were prepared by the 
10 reaction of oligonucleotides being terminal mercaplohexyl groups with |old 

nauoparticJes in an aqueous buffer. They proved lo be surprisingly robust, nroctionins 
well even after healing to 100*C or after storing for 3 years at 5 °C. We have found, 
however, that these conjugates lose activity as hybridization probes vvh 



IS the gold surface. This feature poses a problem when the nanoparticle probes arc to be 

dithiothrcitol (DTT) as a stabilizer for the polymerase enzyme, 
(a) General 

NMR speclra were recorded on 500 MHz f'H) and 400 Mtb. ( 3I P; acquisition at 
20 161.9 MHz) Varian spectrometers using CDC1, as a solvent and TMS as an internal ('H) 
andHjPO.as 

jaQuattrol!tri[ 

>ut on a milligene Expedite DNA synthesizer. Tlic 
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then me toluene was removed under reduced pressure and the reside taken up in ethyl 
acetate. This solution was washed with water, dried over sodium sulfate, and 
concentrated to a syrupy reside, which on standing overnight in pentane/eflier afforded 

5 comparison, Rf values for epiandrosterone and ) ,2-mtt>iane-4,5-diol obtained under the 
same conditions are 0.4, and 0.3, respectively. ReerystalUzation from penlanefelher 
afforded a white powder, mp 110-1 IS 'K NMR,o3.6(lH, C J OH), 3.34-3.39 (2H, m 
20CH of the dithiane ring), 3.2-3.0 (4H, m 2CHrS), 2.1-0.7 (29H, m steroid H); mass 
speotnun (ES*) calcd for CjjHmOjSj (M-'H) 425.2 1 79, found 425.2 1 5 1. Anal. 
1 0 (C H H.„0 ) S 2| S: calcd. 1 5. 1 2; found, IS.26. 



Compound la (100 mg) was dissolved in THF (3 mL) and cooled in a dry ice 
hoi bath. N,N-diisopiopylcthylaraine (80 pL.) and (S- cyanoethyl 



washed with 5% aq. NaHCOj and with wBtei, dried over sodium s 

dichlororoethanc, precipitated at -70 "C by addition of hexane, ani 
yield 100 mg; !, PNMR 146.02. 



[ for 16 hat 55 °C 

purified by reversed phase HPLC on a Dione* DXS0O system equipped with a Hewlett 
Packard ODS Hypersil column (4.6 x ZOO ran. 5 urn particle size) using TEAA buffer 
(pH 7.0) and a l%Anin gradient Ot'95% CHjCN/5% 0,03 TEAA at a flow rate of I 
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mUmfa. A nice feature of the hydrophobic steroid group is that the capped derivatives 
separate cleanly from uncapped oligomers. Sulfur derivatized oligonucleotides 11a, Ucl 
and Hc2 (figure 43) were prepared similarly using the commercially available "5'-Thiol- 
Modlfier reagent" (C6 Glen Research) and cleavage of the tricyl protecting group with 
5 silver nitrate as previously described (Storhoff, J.J., et al.. }. Am. Chem. Soc. 1 20, 1 959- 
1 964). For preparation of disulfide UIcI, "Thiol-Modirior C6 S-S" (Glen Research) was 
used in the final phosphitilation and tile terminal dimethoxytrityl group was cleaved with 
aqueous 80% acetic acid. 

Each of the modified oligonucleotides was immobilized on - 13 run gold 
10 naooparricles by the procedure used for anchoring oligonucleotides through a 

mercaptohexylhead group (Storhoff et al. (1998) J. Am. Chem. Soc. 120, 1959-1964). 
Tliis involved soaking citrate stabilized nanoparlicles (~ 13 nm in diameter) for 56 hours 
in a hulTer-salt solution containing an oligonucleotide bearing a temraial sulfur 
substiluenl (US- or acyclic or cyclic disulfide) followed by addition of NaCL to 0.1 M 



15 and 24t> of standing. The nanoparlicles were palleted by centrifngatioo, the supernatant 
solution was removed, and the nanoparlicles were washed, rcsuspended in buffer, 
recenrrifuged, and then suspended in 0. 1 M NaCl, 10 mM phosphate. This procedure 




immobilizing the modified oligonucleotides on gold nanopartioles (Figure 2). The 
oligomers in a given series have the same nucleotide sequence but differ in structure of 
25 the 5'-head group Y. Conjugates Icl and Ic2 have sleroid-disulGde head groups; lie], 
IJc2, rnercaptohexyl head groups; mi nicl , acylic disulfide bead groups. The (dA) m 

facilitate hybridization. Many of the sulfur derivatized oligomers bind to each 
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nanorrarticlc. Hybridization of pairs of nanoparvicle probes Willi target oligonucleotides 



gray (Mucic, R: C, ct al„ J. Am. Char.. Soc. 120. 12674-12675). 

Hybridization orthe prohes was examined using a.79-mer oligonucleotide 
targets, containing sequences complementary lo the probes {Figure 43). The reactions 
were carried out al room temperature by adding 1 itL of the target solution (10 pmol of 
IV} to colloidal solutions of lire probe pairs Icl, lc2, and Hcl and IIc2, and Dlcl and IIc2 
(SO tiL and 1.0 A SM Unit of each tianopanicle probe) in 0.5 M N«CI, 1 0 mM phosphate 
(pH 7.0). At limes 10 seconds, 5 minutes, and 10 minutes, aliquols (3 jiL) were removed 



,IT, J. J., et al., J. Am. Chera. Soc. 120, 1959-1964; Hghanian. el 
al„ Science, 277, 1078-10Sl;.\illcic R. C, a al., J. .4m. Chem. Soc. 120, 12674-12675: 
Mitchell, O.P., J. Am. Chem. Soc. 121, 8122-8123), the reactions were reversible. Thus, 
warming the aggregate mixture to 90 'C (above the dissociation temperature for the 
20 Oligomers linking the nanopartlcles together) ami spotting while hot afforded a red spot. 
For control experiments in which the oligonucleotide target was omilled or was not 



anchor function effectively as hybridization probes. Moreover, as judged by the spot tos 
25 the conjugates with the various anchor units react with the target oligonucleotides at 
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5 precipitate settles out. As demonstrated with experiments with nanoparticles bearing 
fjuoresccntly labeled oligonucleotides, the thiol displaces the mercapioallrvl- 



oligonucleotides bound at the gold surface (Mucie, R. C, Synthetic 
Programmable NanoparticJe Assembly Using DN'A, PhD Thesis, Northwestern 
University). In contrast to aggregation induced by hybridization of oligonucleotide- 

NaOH disassembles the aggregates. 

We have used this color to monitor the reaction of DTT wMl probes prepared with 
the steroid cyclic disulfide, the mercaptohexyl, and the acyclic disulfide head groups. 
The experiments were carried out by adding 1 uL of !M DTT in water 10 100 (iL of the 
15 nanopartiele-oligonucleotide probe solution (2 A 5 » Units of nanoparticles) in O.S M NaCl 
and lOmrvI phosphate (pH 7.0), then spotting 3 uL aliquots on a TIX plate at various 
tiroes and observing the color. As shown in Table 1, colloidal probes derived from 
oligonucleotides with the mercaptohexyl (Hcl and IIc2) and acyclic oligonucleotide 

20 strong blue spot within S minutes. By lOOminutes, most ofthe gold had precipitated. In 
contrast, no color change was observed for the reaction ofthe probes prepared with the 
stcroid-cyollc disulfide head group ad, 1x2) within 40 minutes, it took 100 minutes to 
reach the same color obtained with probes prepared with JIcl, Uc2, or withUlcl in 20 
seconds. On this basis, we estimate that the rate of reaction ofthe steroid disulfide 

25 probes with DTT is ofthe order of 1/300* that ofthe other probes. The probe prepared 
from the acyclic disulfide anchor 3c reacts at about the same rate as the ptobos prepared 
with the incrcaplohcxyl anchor. The latter result is not surprising in view of evidence 
that the reaction of an acyclic disulfide with gold probably involves cleavage of the S-S 

152 
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To see if probes prepared from lei end IcZ in fact still serve as hybridization 
5 probes after standing in die presents of DTT, we treated two samples of mixtures of the 
probes with DTT under tbe conditions used for the reactions in Tabic I. After 30 
minutes, 1 pLof a solution of the 79-mcr target oligonucleotide (10 pmol) was added to 
one. Both samples were frozen quickly, allowed to thaw, and assayed by llie spot lest. 



Table I . Colors from reactions of Gold Nanoparticlc Probes with DTT 
Icl-Hc2 TimeO 20 sec 5 roin 40min 



red red-blue 
blue (black prcc.) 

blue (Mackprec.) 



20 linker serve as effective probes for delecting specifu 
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oligonucleotide to gold through wo sulfur atoms. 

Example 24; Preparation of OligonucIcori de-ModificdGold 1 

Id this Example, we prepared anon-slerold cyclic disulfide linker and 
oligonucleotide-nanopartlcle probes Com this linker arid evaluated the probes stability in 
Ihe presence of Unol-containing solutions relative to probes prepared with steroidal cyclic 
disulfide and alkyi thiol lintos. Pi^edu.eshavel^o^eribedfOTprepmngprobes 



, 1, figure 44 [C. A. Mirkin et al, Nature, 382, 607 (19%>; 

r a steroid cyclic disulfide am 

ry,l 1,289 (2000)]. As 

bo steroid cyclic disulfide I 

as mercaptoethanol or dithiolhreilol (DTT), thsn are conjugates prepared using an 
alkylllliol anchor. This feature is important since PCR solutions employed in arrrpufying 
DXA samples for detection contain small amounts of MT to protect the enzyme. For 
simple and rapid detection of PCR products it is desirable to use probes with high 
stability toward DTT so dial the test can be carried out directly in the PCR solution 
without having to first isolate the amplified DNA, 

Die cyclic disulfide, which can in principle provide two binding sites thai could act 
cooperatively in holding a given oligonucleotide at the gold surface, «tl (2) the steroid 
unit which could stabilize neighboring chains on the gold by hydrophobic interactions 
(see for example, R. L. Letsinger et al., J. Am. Chem. Soc. 1 15, 7535 (1993). To assess 
the importance of these contributions we have prepared and examined gold conjugates 
anchored by a cyclic disulfide lacking a steroid group, compound Ule (Figure 44). 

Compound 2a, prepared by beating trans-l,2-dithianeAS-dithiol with aceiol in 
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toluene, was converted to 3 cyanoethyl N.ts'-di-i-propyl pttosphoramidite reagent, 2b , 
which was employed In the final coupling step in the synthesis of modified 
oligonucleotides 2c] and 2c2. One gold conjugate ptobe-was prepared by treating a gold 

5 gold surface. A companion probe was made from 2c2 and 2d in the same way. Ihosc 

0\ 0.7 M>, both on standing and on freezing and Ihawrag. 

Compounds 2s was prepared as described in Example 23. PbosphirilatUmof 2a 
10 and synthesis of of oligonucleotides 2d and 2c2 were carried out as described previously 
for the steroid cyclic disulfide derivatives in Example 23 and elsewhere [R_ L. Leteingsr 
et al.. Bioconjugato Chemistry. 1 1 , 289 (2000), the disclosure which is incorporated by 
reference in its entirety]. The time of reaction in the step involving condensation of nib 
with the oligomer on the CPG support was 10 min. 



(b) 

Equiraolar amount of oligonucleotides 2c] and 2d or 2c2 and 2d were added to 1 3 



le. The solutions were stored in the dark for 24 h; then sail 
make the solutions 0.3 M inNaC!, 10 mM in phosphate (pH 7.0), and 0.01% in sodium 
20 azide. After 24 h the NaCl concentration was increased to 0.6 M and the solution were 




(307) 



JP 2004-501340 A 2004. 1.15 




(308) 



JP 2004-501340 A 2004. 1.15 



WO 0101(69 FCTfllHUMlW 



modifier C6 S-S phosphoramiditc, were sequentially coupled lo the 5' end of a protected 
oligomer still bound to the CPO support. Hie product was cleaved from the CPCi and 
purified as describe above. The retention time for tri-1hiol oligonucleotide with three 
DMT group on the end is approximately 64 minutes. 5'-DMT groups were subsequently 
5 removed by dissolving the oligonucleotide in 80% acetic acid for 30 min, followed by 

solution was extracted with ethyl acetate (3 x 300 uL). After evaporation of the solvent, 
the oligonucleotide was obtained as a while solid. The retention time of this 5'- tri- 
dtoulfide oligonucleotide with no DMT group was around 35 minutes on reverse phase 

than 0754 of the area in Ihe spectra, which indicates the high purity of the 
oligonucleotide. The formula weigh! of oligonucleotide 8 (Figure 45) was obtained by 
electrospray MS (calculated: 12242.85. found 1 2244. 1). The three disulfide groups on the 
DNA stand were reduced tri thiol groups as described above for 5' monclhiol DMA; then 
15 the oligonucleotide was purified though a NAP-5 column. 

Gold nanoparticles were used as purchased from Vector Laboratories 
(Burlingame. CA). To 10 mi of 30nm gold colloid was added 5 OD of thiol modified 
DNA. The solution was brought to 0.3 M NaCl/10 mM sodium phosphate buffer (pH 7) 

removing the colorless supernatant, tho red oily precipitate was redispersed in 1 0 mL of 
fresh PBS buffer. The colloid was washed twice more using 10ml fresh PBS buffer by 




Solid DTT was added to 600 ul. solutions of (he different types of thiol- or 
disulfide DNA modified 30 nm gold nanoparticle colloids until the DTT concentration 
was 0.017Kt As DTT displaces the oligonucleotides, the color of tho colloid turns from 
red to blue.UV/VIS spectra were taken as a function of lime. The absorhanco at ~S28nm 
157 
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The method of Claim 2 wherein the contacting conditions fnclude heatiag. 
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hybridization with tire oligonucleotides oo the nanoparticlcs results in the production of a 
5 triple-stranded complex. 





providing a second type of t 




20 nanoparticlcs uuder conditions effective to allow hybridization of the oligonucleotides on 




24. The method of Claim 23 wherein the substrate has a plurality of types of 
25 naooparticles attached to it in an array to allow for the detection of multiple portions of a 
siogle nucloic acid, the detection of multiple different nucleic acids, or both. 



25. A method of detecting nucleic acid having at least two portions 
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uclcic acid with the nanoparticles attached to the 
re to allow hybridization of the oligonucleotides on the 

i type of nanoparticles having oligonucleotides attached 
10 thereto, the oligonucleotides having a sequence complementary to one or more other 
portions of the sequence of said nucleic acid; 

contacting said nucleic acid bound to the substrate with the second type of 
nanoparticles under conditions effective to allow hybridization ofthe oligonucleotides on 
the second type of nanoparticles with said nucleic acid; 
1 5 providing a binding oligonucleotide having a selected sequence having at 

least two portions, the first portion being complementary to at least a portion of the 
sequence ofthe oligonucleotides on the second type of nanoparticles; 

. nanopanictes bound to the substrate under condibons effective to allow hybridisation of 
20 the binding oligonucleotide 10 the oligonucleotides on the nanoparticles; 

providing a third type of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides haling a sequence complementary to the sequence of a 
second portion of the binding oligonucleotide; 

contacting the third type of nanoparticles with the binding oligonucleotide 
25 bound to the substrate under conditions effective to allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; and 
observing a detectable change. 
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to allow hybridization of the oligonucleotides on 



0. The method of Claim 27 wherein the first 



the second ponton of the sequence of said nucleic acid, and 
slides having a sequence complementary lo the sequence of 
at least a portion of the oligonucleotides on the second type of rumoparticlcs. 

nanoporlicles bound to the substrate with the first type of nanopanieles, toe contacting 
taking place unda conditions effective to allow hybriditeiion of the oligonucleotides on 



32. The method of Claim 27 wherein the substrate has a plurality of tyt 



20 ofa single nucleic aci( 
33. The m 



34. The rnelhod of Claim 33 wherein the detectable change is the formation of 
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contacting the first type of nanoparticles bound to the liposomes wilt a 



20 tie first type of nanoparticles having a second type of 

portion of the sequence of the oligonucleotides on the second type of nanoparticles, 

the oligonucleotides on the second type of nanoparticles having a 
sequence complementary to at least a. portion of the sequence of the second type of 
25 oligonucleotides on the first type of nanoparticles, 

the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 
observing a detectable change. 
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S. Tho method of Claim 43 or 44 wherein the substrate has a plurality of types 
id to it in m may to allow for the detection of multiple 
portions of a single nucleic acid, tho detection ofmultiple different nucleic acids, or both. 




complementary to a second portion of the sequence of said nucleic acid; 
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105. The kit of Claim 103 wh 



[06. Tire kit of Claim 103 further comprising a solid surface. 

107. A kit comprising: 

a container holding one type of nanoparticles having c 
attached thereto and one or more types of binding oligonucleotides, each 
atcc comprising at least two po 



108. Akitcomprisingatleaston 



a substrate, the substrate !»ving attached thereto mnopudiclcs, th 
nanoparticles having oligonucleotides attached thereto which have a scquenc 
complementary to the sequence of a first portion of a nucleic acid; and 



ice of a second portion of the 



110. The kit ofClaim 109 further comprising: 
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er holding a binding oligonucleotide having a select 
rtions, the hurst portiou bring complementary lo at leas 
.he nanoparticles in the first contain 



nd portion of the binding oligonucleotide. 



complementary to the sequence of a first portion of a nucleic acid; and 

the third container holding a second oligonucleotide hav 
'to the sequence of a second portion of the nucleic acid. 




complementary to the sequence of < 
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complementary to at least a portion of the sequence of the second oligonucleotide. 
121. The Ml of Cluim 120 whereii 



122. The kit of Claim 120 wherein the nanoparticles are made of gold. 



a second container holding nanoparticles having at least a first type of . 
oligonucleotides attached thereto, the first type of oligonucleotides having a hydrophobic 
group attached to the end not attached to die nanoparticles. 

124. ' The kit of Claim 123 wherein: 

the nanoparticles in the second container have a second type of 
oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 



(339) 



JP 2004-501340 A 2004. 1.15 




a substrate having oligonucleotides attached thereto; 
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137. The kit of Claim 134 wherein the substrate, nanopirtides, or both bear 
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first portion having a sequence complementary 1o Ihe sequence of the first portion of the 
to portions of Ihe sequence of the nucleic Mid, Ihe probe oligonucleotides further having 



effective to allow hybridization of the oligonucleotides on the nanoparlicles to the linking 
oligonucleotides so that a desired na 
nanopsrticles are held together by oli| 

172. The method of CUirr 

type of rmnoparticles havi 

of a linking oligonucleotide, and the oligonucleotides on the second type of 
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or nauoslructares composed of nanoparticies having 
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195. The method of Claim 1 90 wherein llie salt is added gradually over line. 



salts in a phosphate buffer. 

197. The method of Claim 196 wl 



es, each of the recognition oligonucleotides comprising 
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surface of the nanopanicles at a surface density of from about 15 picomoleaW to about 



haying attached to it the moiety comprising a functional group which can bind to the 



The method of Claim 230 wherein the spacer portion en 



232. The method of CI 



233. The method of Claim 230 wherein the bases of the nucleotides of the 



234. The method of Claim 230 wherein the diluent oligonucleotides contain 
25 about the same number of nucleotides as are contained in the spacer portions of Ihc 



235. The method of Claim 234 wherein the sequence of the diluent 
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249. The nanoputicles of Claim 24S wherein the oligonucleotides are present 
25 on surface of the naaopwicles at a surface density of at least 15 picomolesfcm 1 . 

250. The nanopnrticles of Claim 2A9 wherein the oligonucleotides are present 
on surface of the nanoparticles al a surface density of from about 15 picotnoles/cm ! to 
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258. Hie nanopartides of Claim 254 wherein the bases of the nucleotides of (he 

259. The nanopartides of Claim 253 wherein the oligonucleotides ure present 
on sur&ce of the nanoparticlcs at a surface density of at least 1 0 pleomolesW. 

260. The nanopartides of Claim 259 wherein the oligonucleotides are present 
10 on surface of the nanopartides at a surfcdee density of at least 1 5 picomoles/cm 1 . 

201. The nanoparticlcs of Claim 260 wherein the oligonucleotides are present 
on surface of the nanopartides at a surface density of from about 15 pkomolM/cm* to 
about 40 picomolos/cm\ 

15 

262. The nanopartides of Claim 254 wherein the diluent oligonucleotides 
contain about the same number of nucleotides as are contained in the spacer portions of 
the recognition oligonucleotides. 

20 263. The nanopartides of Claim 262 whereto the sequence of the diluent 

oligonucleotides is Ihe same as that of the spacer portions of the recognition 
oligonucleotides. 

264. The nanopartides of Claim 253 wherein the naoopartides are metal 
25 nanopartioles or semiconductor nanoparticlcs. 

265. The nanopartides of Claim 264 wherein Ihe nanoparlicles arc gold 
nanopartioles. 

212 
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302. The method of Claim 292 wherein: 

the nucleic acid has a third portion located belween the first and second 
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sequence complementary 10 this third portion of the nucleic acid, the contorting taking 
place under conditions effective to' allow hybridization of the Bllot oligonucleotide with 

303. The method of Claim 292 wherein the nucleic acid is viral RNA or DNA. 

305. The method of Claim 292 wherein the nucleic acid is a bacterial DNA. 

306. The method of Claim 292 wherein the nucleic acid is a funsal DNA. 

307. The method of Claim 292 wherein the nuoleic acid is a synthetic DNA. a 
synthetic RNA, a itiucturally-modiried natoal or synthetic RNA, or a slruolurally- 
roodified natural or synthetic DNA. 

308. The method of Claim 292 wherein the nucleic acid is from a biological 

309. The method of Claim 292 wherein the nucleic acid is a product of a 



od of Claim 292 wherein the 
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311. The method of Claim 252 wherein the nucleic acid is conUcled and 
hybridized with (be oligonucleotides on the first type of nanoparticles before being 
contacted with the second type of nanoparticles. 

312. The method of Claim 311 wherein the first type of nanoparticles is 



The method of Claim » 



314. A method of detecting a mioleio acid having at least two portions 
comprising: 

providing a type of nanoparticles according to any one of Claims 253-265 



portions of foe nucleic acid; 

effective to allow hybridization of the recognition oligonucleotides on the nanoparticles 



on the nanoparticles with the nucleic acid. 



A method of detecting nucleic ac 
contacting the nucleio ncid with at 
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322. The method of Claim 321 > 
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329. The method of Claim 3 15 wherein the nucleic acid is a ftingal DNA. 
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332. Hie method of Claim 31 5 wi 



334. Hie method of Claim 315 wherein the niieloic acid is contacted and 
15 hybridised with the recognition oligonucleotides on the first type of nauoparlicles before 

being contacted with the second type of iianopartieles. 

335. The melhod of Claim 334 wherein the first type of nanopanicles is 



. The method of Claim 315 wherein Ihe nucleic acid is double-stranded and 
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■rving che detectable change. 




342. The method of Claim 34 1 further comprising: 

(i) contacting the second type of conjugates bound to the substrate with the 
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nanoparlicles of the second type of conjugates; 



articles of the first type of conjugates 



:in the detectable change is the formation 



. The method of Claim 337 whereto the nanoparlicles of the coi 



347. The method of Claim 346 wherein the nanoparlicles of the conjugates are 
made of gold or silver. 

348. The method of Claim 337 wherein the substrate has a plurality of types of 
oligonucleotides attached to K in an amy to allow for the detection of multiple portions 
of a single nucleic acid, the detection of multiple different nucleic acids, or both. 
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an the first type of narraparticles, the 
:o allow hybridization of thi 
oligonucleotides on the first and second types ofnanoparlicles; and 
(c) observing lite detectable change. 




364. The method of Claim 360 further comprising: 

(d) providing a type of binding oligonucleotides having a scqnen 
comprising at least two portions, the first portion being complementary to at least one 
the types of oligonucleotides on the first type of nanoparticlcs; 



(381) 



JP 2004-501340 A 2004. 1. 15 



(0 providing a second type of nanoparticlcs according to any one of 
Claims 243-250 having recoordiion oligonucleotides attachod thereto, at least one of the 



les bound to the substrate urith the 
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comprising at least two portions, the fust portion being complementary to at least one of 
the types of oligonucleotides on the first type of nanoparticlcs; 

(e) contacting the binding oligonucleotides with the first type of 

effective to allow hybrid'ral!on of the binding oligonucleotides with the oligonucleotides 
05 the first type of uanopartictes; 

(f) providing a second type of nanoparticlcs according to any one of 
Claims 253-2o3having recognition oligonucleotides attached thereto, at least one of the 

second type of nanopartieles comprising a 
anion of the sequence of the binding 



with rue 



second type of nanoparticlcs, the • 
allow hybridization of the olio 
binding oligonucleotides; and 



389. The method of Claim 3S8 further comprising: 
he contacting talcing place un 
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395. The method of Claim 384 wherein the substrate has a plurality of types of 
of asingle nucleic add, the detection of multiplo different nucleic acids, or both. 
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397. The method of Claim 395 wherein the substrate is contacted with silver 



The method of Claim 384 wb 



. The method of Claim 384 wl 



402. The method of Claim 401 wherein the electrodes are made of gold, an 
nanoparticfes are made of gold. 



the nanoparticles are made of a material which is a conductor of electricity, and the 
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method of Claim 413 wherein stop (d) or stops (d) and (0 are repeated 
and the change in conductivity is detected. 

415 The method of Claim 407 further comprising: 

(d) contacting the- first type of nanoparticles bound lo the substrate with 
an aggregate probe having oligonucleotides attached thereto, the nanoparticles of the 
aggregate probe being made of a material which can conduct electricity, at least one of 
le aggregate probe comprising a sentience 



(e) and detecting the change conductivity. 
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429. Ntnomatcrials or nanDStnicturcs composed of nanoparticle- 
oligonucleotide conjugates according to any one of Claims 237-242, die naroptulicjcs 
5 being held together by oligonucleotide connectors. 



430. Nanomaterials or nanosrructures composed of nanoparticles according to . 
any one of Claims 243-265. Ihe nanoparticles being held together by oligonucleotide 



10 




providing two or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the 
1 5 nanoparticles of each of the types of conjugates having a sequence complementary to the 
sequence of one of the portions of the selected nucleic acid; and 

contacting the nucleic acids and conjugates under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticlos of tho conjugates with 
the selected nucleic acid so that the conjugates hybridized to the selected nucleic acid 
20 aggregate and precipitate. 




25 Claims 243-265, the oligonucleotides on each of tho types of nanoparticles having a 
sequence complementary to the sequence of one of the portions of the selected nucleic 
acid; and 

contacting the nucleic acids and nanoparticles under conditions effective 
243 
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25 437. The conjugates of claims 435 or 430 wherein the oligonucleotides ate 

father present at a surface density sufficient so thai the conjugates are stable. 
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i surface deasity of at least 10 picomoJes/ciu 1 . 



474. The method of claim 473 wherein the oligonucleotides are present on 
surface of (he nanoparticles at a surface density of at least 1 5 picomoles/cra 1 . 
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486. The compositions according to claims 433, 435, 445, 446. 453, 465. and 
484 wherein a largo hydrophobic group is located between the oligonucleotide and the 
cyclic disulfide functional group. 



(404) 



JP 2004-501340 A 2004. 1.15 



F1G.1 



X-C-C-T-T-G-A-G-A-T-T-T-C-C-C-T-C 



G-G-A-A-C-T-C-T-A-A-A-G-G-G-A-G-X' 
ISEQ.IDNOM1 



(405) 




(406) 



JP 2004-501340 A 2004. 1.15 




(407) 



JP 2004-501340 A 2004. 1.15 



P. 



f f 



ft i 



it 

32* 



1 i 



e3 



4 ^ 



(408) 



JP 2004-501340 A 2004. 1.15 




(409) 



JP 2004-501340 A 2004. 1.15 



i i 



FIG.6A RG.6B FIG.6C 



(410) 



JP 2004-501340 A 2004. 1. 15 




Absorbance 



(411) 



JP 2004-501340 A 2004. 1. 15 




I 3 I ■ I ■ 3 
A Absorbance 




A Absorbance 



(412) 



JP 2004-501340 A 2004. 1.15 




FIG..9B 



(413) 



JP 2004-501340 A 2004.1.15 
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!SEQlDNO:7] 

Is- -/ . 

^X-T-C-T-Ci-O-r-T-C-C-CT-T-T-T-C 
A-G-A-<3-G-A-A43-G-G-A-A.A.A-r 

X [SEQIDNC 



T-CT-C-C-T-T-C-C-C-T-T-T-T<! ., 

MSEQlDNOiS] 



(i^X-T-C-T-C^-T-C-C-C-T-T-T^C /(BN 
A-G-A-G-GwVA-G-G-G-A-A-A-A-G-X-i?;J 
, T-C-T-C-C-T-T-C-C-C-T-T-T-T-C g , ^ 
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(415) 



FIG; ^2 A 

3'T-C-G-T-A-C-C-A-G-C-T-A-T-C-C T-T-T-G^-T-G-A-G-A-T-C-G-C-6 " 
S'A-G-C-A-T-G-G-f-C-S-A-T-A-t^G-A-A-A-C-G-A-C-T-C-T-A-G-C-Q.C 

FIG.12B 1 Vo.lONO:13] 

Probes wlthout.Taraet ^ 

i f 1 

3' T-C-G-T-A-C-C-A-G-C-T-A-T-C-C3 T-T-T-3-OT-G-A-G^-T-C-Q-C-G 

FI^G 12 C . 

1 f I 

3>T-C-(J-T-A-C-C-A-G-C-T-A-T<;-C T -T-T-G-CT - G-A-G-A-T-C^ -C-G " 
S'A-G-C-A-f-G-G-T-C^-A-T-A^-G-AMlE&AiA^WMiC-G-C 

FIG. 1 2D Hhomo^^ 

Target - 6 bp -.•IfiS 
3' T-CW3-T-A-G-C-A-G-C-T-A-T-OC T-T-T-G-C-T-G-A-G-A-T-O-G-C-G'" 



FIG.12E 



\$EQ. ID NO: 16 



3' T-C-G-T-A-C-C>A-G-C-T-frT-C-C T-T-T-G-CT-G-A-G-A-T-C-G-O-G 
5'A-G-CWrT-G-G-TfflG-A-T-A-G-G-A-A.A.C.G.A.C.T-C-T-A-G-C-G-C 

6 \sEQ.tONO:17]. 

F1G.12F • ^ 



■T-A-T-C-C T-T-T-G-CT-G-A-G-A-T-C-G-C-G 
■ .T-A-G-G-A-A-A-C-G-A-C-T-C-TAG-C-G-G 
Z ^[SE0.IDN0:18] 
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FIG15A epninKnia 

Probe. WW. No Tggo^-SEQ ID ^ ^ 

~-S-ATQ-CTO-AAC-TCT TAG-GAOTTA-OBC-Sv^ 



F1.G15B 

Half-Complementary Target 

. 3. ^SEQIDHO:21 

5' TAO-QAG-TTG-AGA- G AG-TGC-CCA-CAT 3' 
(j^— 8-ATG-CTC-AAC-TCTTAG-GAC-TTA-CGC-3-^ 

FIG15C 4 - 1 



5- TA(M3AG-TTG-AGA-CTC-OTG-AAT-GCG 3' 
_ . S-ATG-CTC-AAO-TCTTAG-CAC-TTA-CGC-S^. 

FIG15F lTm=51.6-C | 

ONE Baas Deletion ^ ^- SEQ | B MOSS 
6' TAC-G AG-TT0i-AGA-ATC-OTG-AAT-GCn 3' 
~S S-ATQ-CTC-A AO-TCT TAG-G AC-IT A-CGC-S 

FIG15G 



OHEBaae-Palr Insertion HnL^°: z ° c I 

T y~ SEQ ID NO:26 

S' TAC-GAG-TTG-AGA-CAT-CCT-GAA-TGC-G 3" 
y S-ATG-CTC-AAC-TCT TA-GGA-CTTrACG-C-S k 



^ S-ATG-CTO-AAO-TCT TA-GGA-CnVACG-C-S 
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Fluorescent Fluorescent 
Nanopartiele Probes Cross-linked Aggregates 




"The fluorescent nanopartiele probes The fluorescent cross-linked aggregates 
pass through the membrane are retained by the membrane 



(428) 



JP 2004-501340 A 2004. 1.15 



Anthrax PCR Product 
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(jiuo/iouid) sSejsaoq 



[SEQ ID NO:56] 
f GGA TTA TIG TTA— AAT ATT GAT AAG GAT 3' 
CCTANTAAC AAT TTATAA CTA TTC CTA' 
fSEQ ID NO:57] [SEQ ID NO:58] 

= A (complementary), 
G,C,T (mismatched) 



1. / W/ (target DNA) 




Figure 32 
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Figure 37 
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Figure 38A 
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Figure 39 
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R, = hydrogen, an alkyl group, sa aiyl group, ev a snbsrituted alkyl or aryl group 
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FIG. 45 

"V/X/N/Vph 

O^^O-Ajc-ATC-CTT-ATC-AATATT 
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application number 09/240.755, Hied January 29, 1999, which was a continuation-in- 
part of pending PCX application PC17US97/1J783, which was filed July 21, 1997. 
which arc incorporated by reference. Benefit of provisional applications nos. 
15 60/031,809, filedMy 29, 1996; 60/200,161. filed April 26, 2000; 60/176.409, filed 
January 13, 2000 is also claimed, the disclosures are incorporated by reference. 

FIELD Of THE INVENTION 



PACKGROTIND QF THE |NYF,NTTOK 



critical to trie diagnosis of genetic, bacterial, and viral 
of methods used tor delecting specific nucleic acid sec 
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ofwvalent linker mo 



les that possess lunctionalilies 
chemical affinities for the colloids of interest. One of the most successful approaches 
to dote, Brust et si.. Attn. Miner. , 7, 795-797 (1995), involves the use of gold colloids 
and well-established thiol adsorption chemistry, Bain & Whitcsides, Angew. Chcm. 
M Ed. Engl., 2», 506-5 12 (1989) and Dubois & Nuzzo, /dim /!ev. Phys. Chan., 43, 
437-464 (1992). In this approach, linear alkonedilhiols arc used as the particle linker 
molecules. The thiol groups at each end of the linker molecule covalenlly attech 
themselves to the colloidal particles to form aggrcg 



for systematically rairrollrng the assembly process are seeded 



The potential utility of DN A for 
nanofabricction methods lias been i ecoenized. In this work, res 
on using the sequen 

Shekhiman ct al„ New J. Chan.. 17. 7S7-763 (1993); SI 
533-530 (1993); Chen et al„ I Am Chan. Sac, 111, 6402-6407 (i 989); Chen & 
Sceman, Nairn, ISO, 631-633 (I9»l>; Smith nut Feigon, Nature, 356, 164-I6S 
(1992); Wang ct al., Bioehem., 32. 1899 ) 904 (1993); Chen et a)., Biodnm., 33, 
13540-13546 (1994); Marsh et al.. Mrctor/ Acids R*.t... 23, 696-700 (l99S);Mirkin, 
Mm. RmwBiophy*. Km* Struct., 23. 541-576 (1994); Wells,./. MX CSton., 
263. 1095-1098 (I9SS); Wang et al., Bixhem., 10, 5667-5674 (1991). However, the 
theory of producing DNA. structure* is well ahead of ox; 
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In another (nribodrroent, the method comprises providing a first type of 



The oligonucleotides have a sequence complementary to a first portion of (he 




5 a Hrsl portion 



nd portion, bmh portions being cornplenientdr' (op rlionu oflhe > hj^' 
Uype of probe oligonucleotide comiiri'.ing a first portion and a 
second portion is also provided. Irte Bret portion has a sequence complementary to 
the first portion of the oligonucleotides attached to the particles, and both portions arc 
complementary to portions of the sequence of the nucleic acid. The probe 
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the sake of simplicity in Figure 1 and some subsequent figures, only one 
oligonucleotide is shown to be attached to cacti particle but. ir, fact, each particle has 



and subsequent figures, the relative sizes of the gold nunoparlicles and the 
oligonucleotides are not drawn to scale. 

Figure 2 : Schematic diagram illustrating a system for detecting nucleic aci 



of the 



single-stranded DNA shown. As a consequence, they hybridize to the DMA producing 
10 detectable changes (forming aggregates and producing a color change}. 

Figure 3 : Schematic diagram of a variation of the system shown in Figure 2. 

different portions of the single-stranded DNA shown which am separated by a third 




Eisuisi'- Cuvettes containing two types of gold colloids, each having t 

oligonucleotide with sticky ends complementary li the 1 son cleo des at 1 ed 
the nanopartielcs (see Figure 4). Cuvette A - lit 80"C, svhieli is above the Tm of 
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Antigen (see Example 12). 

ite probe" which comprises magnetic naiionaniuies (dari; 
otides (straight lines) attached lo them, probe 
oligonucleotides (straight lines) hybridized to the oligonucleotides attached to the 




Figure 26: Schematic diagram illustrating sys 
CdSe/ZnS core/shell quantum dno(QD). 

Figure s 27 A-D : Figure 27A shows fluorescence spectra comparing dispersed 
and aggregated QDs. with au excitation at 400 tun. The samples were prepared 
identically, except for the addition of complementary "linker" DNA lo erne znii an 



■ 27B shows UV- Visible specua of QD/'QD ass 
before, during and after "melting". Figure 27 
a portion of a hybrid gold'QD assembly. The 

Visible spectra of hybrid gold/QD assemblies at different ten 
and after "melting". The insets in Figures 27B and 27D disp 
extinction profiles for 
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Fijurc. 28A-E : Schematic diagrams illustrating ihe preparation of core 
probes, aggregate probes and systems for delecting DMA using these probes. In these 



Figure J2: Orapli of fractional displacement of oligonucleotides by 
mercaptoethanr,! from nanoparticles (closed circles) or gold thin films (open squares) 
to which the oligonucleotides had been attached. 



Fimirc31 : Graph of surface coverages of hybridized co] 



and amplification wiih silver staining. 

oligonucleotide-funciionaUzed flora glass slides. (A) Slide before hybridization of 
DKA target and gold nanoparticle-oligonucleotide indicator conjugate. (B) Slide A 
20 after hybridization of 1 0. nM target DNA and 5 nM nanoparticlc-oligorroolcolide 

indicator conjugate. A pink color was imparted by attached, red 13 nm diameter guld 
nanoparticles. (C) Slide B after exposure to silver ampuficalion solution for 5 
minutes. (D) Same as (A). (E) Slide D after hybricrzalion of 1 00 pM target and 5 nM 
u>. Tbeabsoitianeeofthenanoparlicle 




28 
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figures 35A -B: Graphs of percent hybridized label versus temperature 
showing dissociation of flunrnphorclabeled (Figure 35A) and rumoparticle-labeled 

Measurements were made hy measuring fluorescence (Figure 35 A) or absorbance 
(Figure 35B) of dissociotcd label in the soluti 

curves for perfectly matched oli; 
the glass, and Uie lines labeled "r"show curv C 




tch (36%) - 1.8:1. Absorbance (Figure 
35B): complement (85%)/inismatch (14%) = 6:1. Tl 
labeled curves (Figure 35 A) is charac 
targets from gene chips (Formal! ct tl., in Molecular Motleling of Nucleic Acids, 
Leontis ct al., eds., (ACS Symposium 
Washington O.C.. 1998), pages 2CH>-2 



Figuffiji: Schematic diagram illustrating system for forming aggregates (A) 
or layers (B) of nanoparticles (a and b) linked by a linking nucleic licid (3). 

Figure 3BA : UV-visiHc spectra of alternating layers of sold nanoparticles a 
and b (see Figure 37) hybridised to an oligonucleotide- flinctirmalized glass 



(503) 



JP 2004-501340 A 2004. 1. 15 




iHlwpartichK/ur.r'. Fifiurc 39B: FE-SEM image oftwo layers of nasopanicles on 
15 UielTOslide. The overage density of counted nannpatticles from 10 such images was 
approximately 2800 particles/11111 2 . Figure 39C: Abst»bancoal260 iuii(Amo) 
showing dissociation of a0.5 ilM solution of the oligonucleotide duplex (1^2 + 3; 
see Figure 37, A) to single strands in 0.3 MNaCI, 10 mM phosphate buffer solution 
(pH7). Figures 39D-F: Absorbancc ar 260 ran (Am,) showing dissociation of 1 layer 
20 (Figure 3SD), 4 layers (Figure 39E) acd 10 layers (Figure 39F) of oligonucleotide- 
iuncrioralized gold nanopartic'.cs from gl2ss slides immersed in 0.3 M NaCI, 10 mM 

decreasing absorption at 520 1111 (A !!(l ) through the slides with increasing 
lemperalure. In each of Figures 39D-F, the insots show the first derivatives of the 

"C, (Figure 39D inset) 5.6 "C, (Figure 39E inset) 3.2 "C, and (Figure 39F inset) 2.9 »C. 

electrical properties of gold nar.oparticle assemblies linked by DNA. For simplicity, 
only one hybridization even', is drawn. 
30 Figure 4] : Sohematie diagram illuatrMing a method of detecting nucleic acid 
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p> C u[e42 ; Schematic diagram illustrating the structures of a cyclic disi 
including the preferred compound I, having a steroid moiety for use in linking 

oligonucleotide conjugates were prepared using oligonucleotides modified vril 



as fix their 



Figure 43 : Schematic diagram for the synthesis and formulas foe the steroid 
cyclic disulfide anchor group. 

Fieure 44 -. Schematic diagram illustrating cyclic disulfides of formulas 2 tor 
use in preparing oli|oraicleotide-cyclic disulfide linkers as described ir. Example 24. 

ed in Example 

15 2S. Figwc45(a)illustratesthestrucluresof5'-m 

a 35-basc S'-MMOld disulfide oligomer 6 and Trembler phosphoramidc 7 and S-l 
mercaploulkyl oligonucleotide S. 
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TO-TAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 
:les useful in the practice or the invention include metal {e.g., gold, 
g. , CdSe, CdS, and OlS or CdSc 



diameter), mote preferably from about 5 to about 50 nm, most preferably from about 



Methods of malting metal, semiconductor and magnetic nanoparlicles are 
!-known in the an. See, e.g, Selimid, O. (eo\) Clusters mid Colloids (VCJrl, 
nhcim, 1994); Hayat, M.A. (cd.) Colloidal Gold: Principle,. Methods, unit 

etal.,5r.to.M,272, 1924{109(i); 
Henglein, A. el al., J. Pips. Chem, 99, UI29 (1995); Curtis, A.C., et at.,AngeM 
Ctoti. Int. F.d. Kngl.V), 1530(1988). 

Method; of making ZnS, ZnO, TiOj, Agl, AgBr, Hgh, PbS, PbSc, ZnTe, 
CdTe, lniSr, lmSe,, CdjP., Cdj As;, hAs, and GaAs nanopaniclcs are also know in 
the art See. e.g., Weller, Attgew. Chem. Int. Ed. Engl.. 32, 41 (1993); Henglein, Top. 
Curt. Chem.. 143, 113 (19S8); Henglein, Oiem. Rev., 89, 1861 (1989); Bros, Appl. 

Sol ar Enerey (wis. Pclizelti and Scliiavcllo 1991), page 251; Waag and Kerron, J. 

Chem., 95, 525 (1991); Olshavsky el al., J. Am. Chem. Soc, Ill, 9«8 (1990); 
Ushida et al., J. Phys. Chem., 95. 5382 (1992). 

Suitable nanoparlicles are also commercially available from, e.g.. Tod Polls, 
Inc. (gold), Amersham Corporation (gr>ld) and Nanoprobes, Inc. (sold). 

Gold colloidal particle? have high exlimiior, coefficients for the bonds that give rise 

il of nygcegalion *nd shape (geometry) 
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>irf Inurfact Sci., 49. 4 10-421 (1974) (corboxylic acids on 

ca, Chapter 6, (Wiley 1979) (carboxytic acids on 
Chan. , 69. 984-990 ( 1 965) (Mrboxylic acids 
m. Chm. Svr... 104. 39.17 (1982) (aromatic 
•. Chm. Aw., 13. 177 (I980)(su]fo)ancs. 
on platinum): Hickman et a]., ,f. An. 
') (isonitriles on platinum); Maoz and Sagiv, Ltmgmiir, 3, 
1 045 (1.9S?) (silanes on silica); Maoz and Sagiv, Lmgmutr, 3, 1 034 (1987) (stales on 
silica); Wasserman el al.. Ungmm, 5, 1074 (1 989) (silanes on silica); Bit 
Eltekov, Ltmgmuir, 3, 951 (1987) (aromatic catboxylic acids, al 



to the cyclic disulfides Preferably ihe hydrocarbon moiety is a Ntemid residue. 
Oligonuclcotide-nanopurtlcle conjugates prepared using linkers comprising n steroid 
residue allsohed to a cyclic disulfide have 'Jtiexpectedly been found to be remarkably 

linker. Indeed, the oligonucleotWe-nnnoparticlc conjugates of the invention have 
been found to be 300 times more stable. This unexpected stability is likely due to the 



In particular, it M tiiought that two adjacent sdfo 
/hich «-ould be 
;Ie conjugates. The largo 
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5 practice of the invention. Methods of making oligonucleotides uf a predelermiiiei 
sequence are well-known. See, e.g., Sambrook el at .Molecular Cloning: A 
Labmatoiy Manual (2nd ed. 1 9S9) and F. Eckstein (ed.) Oligonucleotides and 
Analogues, 1 st Ed. (Oxford University Press, New York, 1991). Solid-phase 
synthesis melhods arc preferred for both oligoribonucleotides and 
10 oligodcoxyribomicleotides (the well-known methods of synthesizing DMA are als 
useful for synthesizing RNA). O! 



The invention provides methods of detecting nucleic acids. Any type of 
nucleic- acid may be detected, and the methods may be used, e.g., for the diagnosis of 
disease and in sequencing of nucleic acids. Examples of nucleic acids that can be 
detected by Die methods of the invention include genes (&g., a ge::c associate! will a 
particular disease), viral RNA and DNA, bacterial DNA, fungal DNA, cDNA, 
mRNA, RNA an* 




with the naked eye are cheap, fast, 
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specific pathogens, in i 
assist in prescribing a drug tor 
inexpensive first-Hue screening. 

The nucleic acid to be detected may be isolated by known methods, or may be 
detected directly in cells, tissue samples, biological fluids {e.g., saliva, urine, blood, 
serum), solutions containing PCR components, solutions containing large excesses of 



the art. See, e.g., Sambrook el al.. Molecuiur Cloning: A Laboratory Manual (2nd 
ed. 19S9) and B.D. Hamcs and S.J. Higgins, Eds., Gene Probes I (IRL Press, New 
York, 1995). Methods of preparing micieic ucids for detection with hyhirSWr.it 
probes are well known in the art. See, e.t;., Sambrook CJ al.. Molecular Cloning: A 

IS Laboratory Manual (2nd ed. 1989) and B.D. Hamcs and S.I. niggins. Eds., Gene 
Probes J (1KJ . Press, Now York, 1995). 

Tfa nucleic acid is present in small amounts, it may be applied by methods 
known in the art. See, e.g., Sambrook el al, Molecular Cloning: A Laboratory 
Manual (2nd ed. 19S9) and B.D. Hames and S.J. Higgins, Eds., Gene Probe, I (IRL 

20 Press, New York, 1995). Preferred is polymerase chain reaction (PCR) amplification. 




empirically and will depend on the type of particle used and its aixe and 
electrolyte which will be present in solutions used in the assay {as is kn 
certain electrolytes affect the conformation of nucleic acids). 

in the presence of other nucleic 

acids, the portions 
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lie detectable change may be 
scd by warming (lie solution 



Alternatively, rapid hybridization can be achieved by heating above the dissociation 
temperature (Tm) and allowing the solution to cool. 

The rate of hybridization can also be increased by incr 
concentration {e.g.. from 0 I M to 0.3 M NoCI). 

The detectable change that oc ( 
on the nanupnrticles to the nncleic acid may be a color change, the formation of 

the iBr-oparticles. or the precipihtlion of the aggregated nanoparticlcs. 



orbyncphelometry. The precipitation ofrhe aggregated nanoparticies can be 
observed with Ac naked eye or microscopically. Preferred are changes observable 
with the naked eye. Particularly preferred is a color change observable with the naked 



readUy against a background of a contrasting color. Fur instance, when gold 



sample of the hybridization solution on a solid white surface (such as silica or alumina 
TLC plales, filter paper, cellulose nitrate membranes, and nylon membranes, 
preferably a C-18 silica TIX plate) and allowing the spot to dry. Initially, the spot 
retains the color oftliehybridiMtion solution (which ranges from pink/'red, in the 
absence of hybridization, to purplish-rett'purple, if there has been hybridization). On 
.ire or SCC (temperature is nut critical), a blue spot develops 



39 
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i the first type ofnanoparhcles m 



used, each nanopartide may have all of the different oligonucleotides attached to it or. 
preferably, the different oligonucleotides are attached to different nanoparticlcs. 
Figure 17 illustrates the use of nauoparlfcte-oligoraKlBoiitle conjugate designed to 
10 hybridise 10 multiple portions of a nucleic acid. Alternatively, the oligonucleotides on 
each or Ihe first tyiie of nanoparticlea may have a plurality of different sequences, at 
leasl one orwhich must hybridize with a portion of the nucleic acid to be detected 
(see Figure 25B). 

Finally, the first type of OTioparticlc-oligor.uclcotide conjugates bound to the 
15 substrate is contacted with a second type of nanopurticles having oligonucleotides 
attached thereto. These oligonucleotides have a sequence complementary to at least a 
he first type of 




clable change. In particular, since 
each of the firs', type of rmnopatticles has BUlKiple oligonucleotides (having the same 
or different sequences) attached to it, each of the first type of itanoparticle- 
olignnuclcotide conjugates can hybridize to a plurality of the second type of 
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siiaitivityofthc assay, allowing 



ins of the first and second types of nanoparticlc-oligonuckolide conjiijtuies. In 
this way, the number of nanoparticles bnmobilizcd per molecule of wrgel iiiajluic aciil 
can be further increased with o corresponding increase in intensity of the signal. 

Also, instead of using first and sreond types iifnanoparticlc-oligonucleotide 
conjugates designed to hybridize to each other directly, nanoparticles bearing 
oligonucleotides thai would serve to bind the nanoparticles together as a consequence 



in Figure 13 

ark areas may be readily observed with the naked eye usi 
ig the substrate against i 
from Figure 1 3 A, this method provides a n 



Chem. , 67, 73-743 (1995); Bcthcll ot al, J. Elmnxmnl. Ch«m. , 409, 1 3? (1990); Bar 
,„',-, 12, 1172 (1996); Colvi,, et al.,./. Am. Choi,. Sac. 114, 5221 0992). 



(517) 



JP 2004-501340 A 2004. 1.15 




(518) 



JP 2004-501340 A 2004. 1.15 




the second lype ofnauoparticles has multiple oligonucleotides (having the 
different sequences) attached to it, each of (he second type of nanoparticle- 
;leotide conjugates can hybridise 10 a plurality of the third type of 
licle-oligonuclootide conjugates (through the binding oligonucleotide). Also, 
■nd type of nanopanicle-oligonucleotide coruugates may be hybridized to mole 
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nanoparticle will be conlrolltd by the alia «f«w concentrations of the two 
oligonucleotides in the mixture. The hybridization conditions are well know) in the 
art and can be readily optimized for Ihe particular system employed (set above). 

An example of Ihis method of detecting nucleic acid is illustrated in Figure 18. 
10 The hybridization of ihe first type ofnanoparticle-oligonucleotlde conjugates \o the 
liposomes may produce a delectable change- to uk case of gold nanopartielcs, a 
red color may be observed or a pniple/blue color may be observed if Ihe 

a. The hyhridizatlon nflue second type of 




in Figure 28A). Since each type of nanopanicle has a plurality 
of oligonucleotides attached to it, each type of nanoparticles will hybridize to a 
plurality of Ihe oilier type of nanoparticles. Thus, the core is an aggregate containing 
numerous nanoparticles of both types. The core is then capped with a third lype of 
25 nanoparticles having at least wo types of oligonucleotides attached to them. The firs; 




so be prepared by utilizing uv 

ee Figure 2SU). liach lype of i 
types oligonucleotides attached to them. The first type of oli: 
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•o types of nanoparticles has sequence 1> which is complementary 10 
I. The second type of 



second type of nanoparticles (see Figure 28B) so that the two tyt 
hybridize 10 each other to form the aggregate probe. Since each type of nanopailicles 

containing numerous nanoparticles of both types. 

The aggregate probe can be utilized to detect nucleic acid in any of the above 

ncd on a substrate, eliminating the need to build up layers of 
]al nanopatliclea in order to obtain or enhance a detectable change. To even 



other type of aggregate probe. In particular, when Die aggregate probe is prepared as 
illustrated in figure Z8B, the aggregate probes can hybridize to each other 10 form the 
multiple layers. Some of Ihe possible assay formats utilizing aggregate probes are 
illustrated in Figures 28C-D. For instance, a type of oligonucleotides comprising 

) a substrate (see Figure 28C). Sequence c is complementary 
sic acid to be detected The target nucleic 




. with the. aggregate probe and another type of nanopailicles in 
ice figure 28D). Some of the oligonucleotides attached to this additional 
ipe of Danoparlicles comprise sequence c so that they hybridize to sequence c' of the 
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the assay is performed in one of the ways described above using appropriate 



aggregate probes, core probes, and binding oligonucleotides. 

Finally, when a substrate is employed, a delectable change can be produced or 

5 further enhanced by silver staining. Silver staining can be employed with any type of 
nanoparticles that catalyze the reduction of silver. Preferred are nanoparucles made 
of noble metals (e.g., gold and silver). See Bassell, et al., J. Cell Biol., 126, 843-876 
(1994); Draun-Howland ct al., Bioltchniqms, 13, 92S-931 (1991). If the 
nanopartfcles being employed for the detection of a nucleic acid do not catalyze the 

10 reduction of silver, then silver ions can be eoioptoccd to the nucleic scid to catalyze 




1 S staining has been found to provide a huge increase in sensitivity for assays employing 
a single type of rtauoparticle, such as the one illustrated in Figure 25A, so that the use 
of layers ofnanoparticles, aggreguie probes and core probes can often he eliminated. 




20 to scan documents into a computer which ate capable of operating in the reflective 
mode (eg., a flatbed scanner), other devices capable of perforating this function or 
which utilize the same type of optics, any type ofgrcyscalc-sensitive measurement 
device, and standard scanner] which have been modified (o scan substrates according 
to the invention (e.g., a flatbed scanner modified lo include a holder for the substrate) 




the substrate is larger than a single pixel of the scanner. The scanner can be used with 



30 staining, can he ohserved asalnst awbite background, bet cannot be observed Jga ml 
a grey background). The scanner can be a black-and-white scanner or, preferably, a 




detectable change produced by the assay can be 
! (e.g.. a grey spot, such as that produced by silver 
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than the size (diameter) of the gold inniparitelos. Tl 
also be inert to biological media. Many suitable microporous materials are known in 
Ihe art ami include various filters and membranes, such as modified polyvinylider.c 
fluoride (PVUF, such as Durapore™ membrane filters purchased tain Millipore 
Corp.) and pure cellulose acerate (such as AcclatePlus™ membrane fillers purchased 



composed of target nuoleio acid and the WO probes, and a positive result (presence of 
Ihe target nucleic acid) is evidenced by a redVpink color (due lo the presence of Ihe 
gold nanopanicles) and a lack of fluorescence (due to quenching offluorescer.ee hy 
the gold nanoparlicles) (see Figure 21). A negative result (no target nucleic acid 



nanopanicles would pass through the pores of the microporous material when it is 
washed (so no quenching of the fluorescer.ee would occur), and the white latex 
microspheres would be trapped on lop of it (sec Figure 21). In addition, in the ca. 



cl Therefore, by looking i: 
ormation can he obtained about 
the depee of complementarity between the oligonucleotide probes and the target 
nucleic acid. As noted above, this detection method exhibits high sensitivity. As 
little as 3 femtomoles of single-stranded target nucleic acid 24 bases in length and. 20 



can be generated 0} t-n; 1 illi i nalin i il I i i i i in r n tit Mi 1 i ^ 
eye. Atleniatively, for a more quantitative result, a lluorim 
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nicrosphere or naiioparticle, having 



d nanoparticlcs, where the polymer 




them arc employed (Illustrated in Finite 22). The oligonucleotide-nanopHrMe 



conjugates have sequences canaille of hybridizing with dirTereut portions of (lie 
sequence of a target nucleic acid, bnt not with each other. When a target nucleic acid 
the sequences of the oligonucleotides on the 




reduction in, or elimination of, tluorescec.ee indicating n positive result. Preferably, 
however, the results of the assay are detected by placing a droplet of the solution onto 
a microporous materia] (see Figure 22). The micioporous material should have a pore 
30 size sufficiently large to allow (be nanopartcles (o pass through Ihe pores and 

sufficiently small to retain the network on Ihe surface of the nlierepornus material 
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acid present) is evidenced by fluorescence because Ibe nanoparticlcs wouM pass 
through the pores of the micropore** material when il is washed (so uo quenching of 




20 path length. 

In yd other embodiments, a "ntsllitc probe" is used {see Figure 24). The 
satellite probe comprises a central particle with one or several physical properties that 
cart be exploited for detection in an assay Sir nucleic acids «.*.. intense color, 
fluorescence quenching ability, magnetism). Suitable panicles include the 

25 nanoparticlcs and olher particles described above. Theparticle has oligonucleotides 

oligonucleotides to the particles are described above. These oligonucleotides 
comprise at least o first portion and a second portion, both of which arc 

complementary to portions of the sequence of a target nucleic 2eid (sec Figure 24). 
30 The satellite probe also comprises probe oligonucleotides. Each probe 

oligonucleotide has at least a first portion and a second portion (see Figure 24). The 
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firsl porliun ofthe sequence ofthe oligonucleotides immobilized on the central 
particle (see 1 'igure 24). Consequently, when the central particle and the probe 
oligonucleotides ate brought into contact, the oligonucleotides on the particle 
5 hybridize with the probe oligonucleotides 10 form the satellite probe (see Figure 24). 
Both the firsl trad second portions of the probe oligonucleotides arc complementary to 
portions ofthe sequence ofthe target nucleic acid (see Figure 24). Each probe 
oligonucleotide is labeled wilh a reporter molecule (see Figure 24), as iiirthcr 
described below, lne amount ofhybridiMtim overlap between the probe 

10 oligonucleotides and the large! (length ofthe portion hybridized) is as large as. ur 
greatertban, the hybridization overlap between llie prohe oligonucleotides and the 
oligonucleotides attached to the particle (see Figure 24). Therefore, temperature 
cycling resulting in dehybridization and rchybridization would favor moving Ibe 
probe oligonucleotides from the centra! particle to tire target. Then, the particles are 

1 5 separated from the probe oligonucleotides hybridized to the target, and the reporter 

The satellite probe cao.be used in tt ninety of detection strategies For 

capablerif quenching the fluorescence of fluorophores attached to the probe 
20 oligonucleotides that surround it, this system can be used in an l» situ fluotometric 

(Dynabeads™) and Bangs Laboratories (Esrapor™), and silica-coatcu magnetic 
FtiQinanopartieka could be modified (Liu c: it.. Chem. Mater.. 10. 3936-3D40 
25 (lSSSMusing well-developed siUwsurface ehemislry (Chrisey el al„ Nucleic Aciilc 
Research, 24, 3031-3039 (1 996)) and employed as magnetic probes as well. Further, 
the dye molecule, 4-((4-(dimethylamino)phenyl)-azo)benzoic acid (DABCYL) lias 
for a wide variety of 
lature Biotech., 16, 49-53 
(1998). The commercially-availaWe succinimidy! ester of DABCYL (Molecular 
Probes) forms extremely stable amide bonds upon reaction with primary alkylamino 
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bromohexylferrocenc is stirred in an aqueous HMPA solution at 1 2'fC hi 6 hours lu 
from 6-hydroxyhe.xylferroccnc. After purification, the 6-hydroxyliexyifcrrocene is 
added to a THF solium of N,N-diisopropyleUiybniine and baa-cyanoe - Jiy!-N,N- 



5 Oligonucleotide m I 1 pnl 1 d ^ld nanoporlicles, where the polymer 

nil. Soc, 121, 462-463 (1999). A copolymer of amino reactive sites 

modified oligonucleotides. Molleret al. Biocoiijllgitle Chan., 6, 174-178(1995). It 
the presence of Saiga and with temperature cycling, Ihe redox-activc probe 

ite probe to the target. Once this has 




electrodes located on the substrate. The substrate must be made of a material which 
is not a conductor of electricity (e *. Blase, quartz, polymers, plastics). The 



tin oxide). Thee!*! 



25 techniques. See, e g.. fturmfanTM To Mtcroltthogmpln <L.T. Thompson et «l, eds., 
American Chemical Society, Washington, U.C. 1983). The substrate may have a 
plurality ot pairs of electrodes located on it in ati array to allow tor the detection of 
multiple portions of it single nucleic acid, the detection of multiple different nucleic 



Mi To MicroHthogmphy (I...R Thompson ct al., eds.. 
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aw hybridization of the oligonucleotides o 



f oligonucleotides attached to the 



because (if the attachment of the nanoparticles to the substrate between the electrodes, 
and a change in conductivity wilt be detected. If the binding of a single type of 
nanopartides docs not result in closure of the circuit, this situation can be remedied 
by using a closer spacing between the electrodes, using larger nanoparticles, or 
employing another material thai will close the circuit (hut only if (lie nanoparticles 
have been bound lo the substrate between the electrodes). For instance, when gold 
:ed with silver stain (as described 



detectable change in conductivity. Another way to close the circuit in the ca> 
the addition of a single type of nanoparticles is not sufficient, is to contact tbt 
25 type of 



oligonucleotides on the first type of nanoparticles. The contacting will take place 

nanoparticlc hybridize to those on the first type of oligonucleotides, if needed, or 
30 desired, additional layers of nOToparfclcs can be built up by alternately adding the 
first and second types of nanoparticles until a sill 
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ice of a second portion ot lhc nucleic aci 
nanopartictes having nt least a f 
type of oligonucleotides having a cbolesteryl group attached to the end not attached to 




comprise a substrate having nanuparliclts 




to tile sequence of a first portion . 
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the oligonucleotides attached to each of tbem. At least one of 
5 nunoparticles of the aggregate probe has oligonucleotide, atta 
a «eq"ence complementary to a second portion of the sequent 



aggregate probe comprises at least two types nrnanopamcies hiring oligonucleotides 
attached to them. The rianoparlicles of the aggregate probe arc bound to each other as 
aresult ofthehybridiMtinii or some of the oligonucleotides attached to each of them. 
At least one of (be types of nunoparticlet of the aggregate pruhe has oligonucleotides 

The nanopanicles have at least two types of oligonucleotides attached to them. The 
Slit type of oligonucleotides has a science complementary to a second portion of 
the sequence of the nucleic acid. The second type ©['oligonucleotides has a sequence 
asta portion of the sequence, of the oligonucleotides attached 




to IhOT. The nanopanicles of Ihe aggregate probr 
of the hybridization of some of Ihe oligomicleotid 
one of the types < 
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in, the kit may comprise a first container holding 



bhding oligonucleotide lies a Orst portion which has a sequence complementary to at 

portion which has a sequence complementary to the sequence of a portion of a nucleic, 
acid to be detected. The sequences of the second portions of the binding 
oligonucleotides may be different as long as each sequence is complementary to a 
portion of the sequence of the nucleic acid to be detected. In another embodiment, 
the kit comprises a container holding one type of uanoparticles having 
oligonucleotides attached thereto ami one or more types of binding oligonucleotides. 
Each of the types of binding oligonucleotides has a sequer.ee comprising at least two 
portions. The Erst portion is complementary to the scqnene 



types of particles. The first type of particles having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a first portion of a nucleic 
acid. The oligonucleotides are labeled with an energy donor ontho ends not atBohed 



nucleic acid The ol g 1 clcoti 



« of gold uanoparticles having oligonucleotides »s 
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by employing triple-stranded oligonucleotide eon 
forming the triple strand, one may exploit eilintf the pyrimidioe:purine 
motif (Moser, H.E. snd Dervan, P.B. Soma. 338, 645-650 (1987) or the 
purtaerpuiine:pyTi:rudtae motif (Pilch, D.S. el al. Biochemistry. 30, 6081-6087 (1991). 
An example of the organization of nsnoparticles by generating triple-stranded 



on hybridization. Then, a free pyrrolidine 
oligonucleotide with an orientation opposite that for the pyrimidine srntnd li 
the nanopartiele is added to the system prior to, simultaneously with, or just 
subsetlt.enl to mixing the nanoparticles. Since the third strand in Ibis systcn 



bridges spanning the breadth of the duplex are known to slubiliw triple-stranded 
complexes (Stthmke, M., Wu, T, Lclsinger, RX, J. Am, CW Sec 1 14, 876S-S772, 
(1992). Letsingcr. R.L. and Wu, J.J. Am CT«m. Hoc., 1 17, 7323-7328 (1995). 
rrakash, G. and tool, J. Am. C»o™. 1 14, 3523-3527 (1992). 

l-'or construction of nanomater.als and nanostrucuires, it may be desirable in 
some eases In "Iocs' lite assembly in plr.ee by coval 
ire by hybridisation i 




(1995) J. 4m. Chm. Soc. 117,8785-8792). 
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in Frena, NalurePhft. Sri., 241, 20 (1973) and Grabar, Anal. CI 
«57, 735 (1 995). Briefly, all glassware was cleaned ir. aqua tcgia (3 nans HC1, 1 pan 
HNO]), rinsed wilh Nanopure H;0. liter, oven dried prior to use. HAuCf, aod sodiu 
citrate were purchased from Aldrtch ChemicaS Company. Aqueous HAliCl: (1 mM 
10 mL) was brought to reflux while stirring. Then, 3S.S niM sodium citrate (50 ml.) w 
added quickly. The solution color changed Tram pale yellow to burgundy, and refill 




Eckstein, F. (ed.) OligomKleoliilei ami Amlagms: A Practical Approach (1RL Press, 
Oxford, 1991). All solutions wore purchased from Milligene (UNA synthesis grade). 
Average coupling efficiency varied from 98 to 99.S%, and the final dimeltiuxytrilyl 
(DMT) protecting group was not clwwed from the oligonucleotides to aid in purification. 
For .V-lhinl-nligonuolcotidca, TWol-Modifier C3 S-S CPG support was purchased 

from Ibe solid support (1 0 hr at 55 1 C), 0.05 M ditbiollireitol (DTT) was added to the 
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For S'-lhiol oligonucleotides, S'-Thiol-Modifier C-pho 



purchased from Gleu Research, 44901 Falcon Place, Sterling, Vo 20166. The 
oligonucleotides were synthesized, anil I'ne final DMT protecting group removed, Then, 
1 ml of dry scctonitrilc was added to 1 00 umole of the 5' Thiol Modifier Q- 

. 200 ill. of the aniidite solution ami 200 |i of activator (fresh tarn 



for lOniinules. The support was then washed (2 X i ml) with dry 
acaoilitrile for .10 seconds. 700 ota 0.016 M Ij/H'O/pyridine mixture (oxidizer 
solution) was introduced into the column, and was then pumped back and forth through 
the column with two syringe*, for 10 second. Tlie support wiu wnshed with ii 1:1 



acetonitrile (2 x 1 mL) with subsequent drying of the column with a stream ornitrogen. 
The trityl protecting group was not removed, which aids in purification. 

Reverse phase HPLC was performed with a Dionex DX500 system equipped with 
a Hewlett Packard ODS hypersil column (4.6 x 200 mm, 5 mm particle size) using 0.03 
M EtjKH* OAc buffer (TEAA), pH J. with a 1 '/."rain, gradient of 95% CH,CN/5% 
TEAA. The flow rale was 1 ml/miii. with UV detection at 260 run. Preparative HPLC 
was used to purify the OMT-pmteeted unmodified oligonucleotides (elution at 27 min). 
Afler collection and evaporation of the buffer, the DMT was ele 




rse phase HPLC (elution 
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The same protocol was used for purification of llie .T-thiol-oligonucleolides, 



formed, After six hours at 40°C. the DTI' was extracted using edvyl acetate, and the 
oligonucleotides rcpuriticd by HPLC (ellltion lime 15 minutes). 

For purification of the 5' thiol modified oligonucleotides, preparatory I1PLC m 

purification, the rrityl protecting group was removed by adding '. 50 uL oft 50 mM 
AgN0 3 solution to the dry oligonucleotide sample. The sample rumed a milky white 



was added to complex the Ag (five minute reaction time), and the sample was ccntririiged 
to precipitate the yellow complex. The oligonucleotide solution (<50 OD) was '.hen 
transferred onto a desalting NAP-5 column (Pharmacia Biotech, Uppsala, Sweden) for 
purification (contains DNA Grade Sephadex G-25 Medium for desalting and buffer 
exchange of oligonucleotides greater than 1 0 hoses). The amount of 5' thiol modified 
oligonucleotide was determined by UV-vis spectroscopy by measuring the magnia.de of 
the abaorbance a: 260 ran. The final purity was assessed by performing ion-exchange 
HPLC with a Dionex Xucleopae PA-1 00 (4 x 250) column using a 10 mM NaOH 
solution (pH 12) with a 2«rmin gradient of 10 mM NaOH, 1M NaCl solution. Typically, 



fetation times are dependent on the length of theoLSomicleolide strand). T 
corresponded to the thiol and the disulfide oligonucleolitles respectively. 

C. Attachment Of O )iijonucJepridesJ^0a ld N^o parti cl c s 
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V ATATGCCCGA TCTCAGCAAA (SEQ ID NO:l]; and 

3'CATCCCOCAT ATCAACGGTA [SEQIDNO:2). 

Mixing of these two oligonucleotides in b ] M NaCl, 10 mM phosphate buffered 
(pH 7.0) solution, resulted in hybridization to forai a duplex having a 1 2-base-puir 
overlap and Mo S-base-pair sticky ends, tachof the sticky ends bad n sequence which 
was complementary to that of one of the oligonucleotides attached to the Au colloids 
prepared in part C of Example 1. 

The linking oligonucleotides prepared in part A of this example <0.I7 uM final 
. concentration ate' dilution with NaCl) were added to the nmioparticle-oligamiclcolidc, 
conjugates prepared in part C of Example 1 (5.1 nM final concentration after dilution 
with NaCl) at room temperature. The solution was then diluted with aqueous NaCl (to a 
final concentration of 1 M) and buffered at pH 7 with 10 mM phosphate, conditions 
which are suitable for hybridization of die oligonucleotides. An immediate color change 

1he course of several hoars, the solution became clear and a pinkish-gray precipitate 
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To verify that this process involved oolh the oligonucleotides enrl colloids, the 
precipitate was collected and resuspended (by shaking) in 1 M aqueous NaC! buffeted at 
pH 7. Any ofthe oligonucleotides not hybridized to the nanopariicles are removed in this 
manner. Then, a temperature/time dissociation experiment was performed by monitoring 
the characteristic absorbance for the hybridized ollgodeoxyribonucleolides (260 nm) arid 
for the aggregated colloids which is reflective Of the sold interpartide distance (700 nm). 
See Figure 7. 

Holder while cycling the temperature at ,. rate of l"C/mimite netween 0*C and S0"C. 
DNA solutions were approximately ) absorbunce unil(s) (OD), buffered ul pH 7 using 10 

The results arc shown in Figure SA. As ll-.e temperature was cycled between C'C 
ojkJ SO'C (which is 38"C above the dissociation temperature f 1^) for the duplex flVW 



il change when the polymeric 



ted dark red as the polymeric bic 

evidenced by the temperature traces in Figure SA. 

In a control experiment, a 14-T.-14-A duplex was shown to be ineffective ut 

found not to Induce reversible particle aggregation of ollgonucleotlde-tnodified 

nanuparticlcs (prepared as described ill pL-l C of Example 1 and reacted m described 
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oligonucleotides [HS(CH0iOP(O)(O>oligonucleolide) were also prepared as 



Example 1 was found not to produce sat 
when long oligonucleotides we 
stable in the presence of a "uitge excess of high molecular weight salmon sperm DNA 
used as model for the Background DNA that would normally i>e present ir. a diagnostic 
system, linger exposure of the colloids lo the thiol-oligonucleotides produced 

resulting conjugates failed to hybridize satisfactorily. Furthci experimentation led to the 
following procedure for attaching thiol-oligonuclcolides of any length to gold colloids so 
that the conjugates are stable to high molecular weight DNA and hybridize satisfactorily. 

A 1 mL solution of the gold colloids (1 7nM) in water was mixed with excess 
(3.68 :M) thiol-oligonucleotide (28 bases in lenglh) in water, and the mixture was 
allowed to stand for [2-24 hours at room temperature. Then, 1 00 uL of a 0.1 M sodium 
i'er, pH 7 A and 1 00 uL of 1 .0 M NaCl were premixed and 



Ihc surface coverage by the thiol-oligonucleotides and to displace oligonucleotide bases 
from the gold surface. Somewhat cleaner, better defined red spots ill subsequent assays 
were obtained if the solution was frozen in a dry-:ce bath utter [he 40-hour incubation and 



14,000 rpm in an Eppendorf Cenlrifiige 5414 for ai 
taragmnaiofthc 
7-10% of the col 
irk, gelatioous re 

residue was resuspendeJ in about 200 pL of buffer (10 rnM 



(562) 



JP 2004-501340 A 2004. 1. 15 



residue was taken up in 1 .0 roL of bullet (\u mM phosphate, 0.1 M NaCI) and 1(1 „l. of a 
1% aqueous solution of NaKj. Dissolution was assisted by drawing Hie solution into, ami 
expelling it from, a pipette several times. The resulting red master solution was stable 
(i.e„ remained red and did not aggregate) on standing for months at room temperature, on 
spotting on silica Ihin-layet chromatography (TI .Q plates (see Example 4), and on 
addition to 2 M NnCI, 1 0 mM MgCl:, or solutions containing high concentrations of 



The oligonuclcotide-gold colloid conjugates 1 and 11 illustrated in Figure 11 were 
prepared as described in Example 3. The hybridization of these two corjugEtes was 
extremely slow. In particular, mixing samples of conjugates I and ir in auueous 0.1 M 
15 NaClorin ID.uMMgChplusO.I MNaCl and allowing the mixture to stand at room 
temperature for a day produced little or no color change. 

obiai ned by freezing the mixture of conjugates 1 and U (each 1 5 nM contained in a 
solution of 0.1 M NaCl) in a dry ico-isopropyl alcohol bath for 5 minutes and then 

20 thawingthe mixture at room temperature. The thawed solution exhibited a bluish color. 
When 1 |U, of the solution was spotted on a standard C- 18 TLC silica plate (Alllech 
Associates), a strong blue color was seen immediately. The hybridization and consequent 
color change caused by the frecK-lhawing procedure were reversible. On healing the 
hybridized solution to S0°C, the solution turned red and produced a pink spol on a T1.C 

25 plate. Subsequent freezing and thawing returned the syslem to the (blue) hybridised state 
(both solution mil spol on a C-18 Tl.C plato). In a similar experiment in which the 
solution was not refnran, the spot obtained on the C- 1 8 TLC plate was pink. 
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instance, in another exjv i oiignnuclo "I i .11 ^jmugates and an 
oligonucleotide target sequence in a <M M NaCI solution were wanned rapidly to (55T 
and allowed lo cool to room temperature ova a period of 20 minutes. On spotting on a 
C-l 3 silica plate and drying, a blue spot indicative of hybridization was obtained. In 
5 contrast, incubation of the conjugates and target at room temperature for an hour in 0.1 M 
NaCI solution did not produce » blue color indicative of hybridization. Hybridization is 
more rapid in 0.3 MNaCl, 

Example 5: Assay]! Using Nanoparticle- OlieiitiiicleotMe Conjugates 
10 The oligonucleoride-gold colloid conjugates I and 2 illustrated in Figures 12A-F 

were prepared as described in Example 3, and the oligonucleotide tarsal 3 illustrated in 
Figure 12A was prepared as described in Example 2. Mismatched and deletion targets 4, 
5, 6, and 7 were purchased from the Northwestern University Biotechnology Facility, 
Chicago, IL. These oligonucleotides were synthesized on a 40 nniol scale and purified on 
15 tin reverse phase CI 8 cartridge (OK). Their purity was determined by perforating ton 
exchange Hr-LC. 

Selective hybridization was achieved by heating rapidly and then cooling rapidly 

10 the stringent temperature. For exampK hybridization was carried uul in 100pl.of0.1 
M NaCI plus 5 mM MgCI; containing. 15 nM uleueb olisonucleotide colloidconjlieate 1 

20 and 2, and 3 nanomoles of targe: oligonucleotide 3, 4, 5, (i, or 7, heating to 74'C, cooling 
to the temperatures indicated in Table 1 below, and incubating the mixture at diis 
temperature for 10 minules. A 3 itL sample of each reaction mixture was then spoiled on 
a C-l 8 TLC silica plale. On drying (5 minutes), a strong blue color appeared if 
hybridization had later place. 

25 The mm* present bl *>w Pink spin gnilj r I I t 

that the r.anoparticles were not brought together by hybridizationX and blue spots signify 

11 pofiUvcww '<«-. UK' If* nmnjp.irlidra were brought into proximity due to 
hybridization involving both of flic olisonuclcotidc-co'loirl conjugates). 



(564) 



JP 2004-501340 A 2004. 1.15 




(565) 



JP 2004-501340 A 2004. 1.15 




(566) 



JP 2004-501340 A 2004. 1.15 



observeonlheCl8sili 
strategy will be more s 

single-strand probe hybridizing wilh Urgel nuclei 

A master solution containing 1 nmol of target 3 v 
hybridijolion buffer (0.3 M NaCl, 10 mM phosphate, pH 7). One pj of this solution 
corresponds to 10 piuomole nflarftet oVigtmuclcoiide. Serial dilutions were perforroi 



hybridization buffer. Table 3 shows the sensitivity obtained using 3 ul of a mixture of 
probes 1 and 2 with different amounts of target 3. A iter performing the hybridization 
tisitig frcezc-thaw conditions, 3 ul a'.iqoots of these solutions were spotted onto C-l 8 
TLC plates lo determuie color, fn Tabic 3 below, pink signifies a negative test, and blue 



Example 6: Assays U siimXanoparlicle-Oliwinuf.leotideCoiirogatcs 
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into approximately 5 x '.5 mm pieces, using a diamond tipped scribing pen. Slides were 
cleaned by .making for 20 minutes in a solution of 4:1 H : SO,:H 2 Oj at SOX. Slides were 
Ihanol, and dried under a stream of dry 



plasmon absorbance peak at 520 am) as the aqueous gold rianopartide colloidal 



DNA was attached to the nsnjp i L > > if it n iK J« 

slides in 0.2 OD (1.7 uM) solution containing fteshly purified 3' thiol oligonucleotide ( 
:r [SnQlO NO:33)) (synthesized as described in Examples 1 at 
f soaking time, the slides were removed and rinsed with water, 
lie the ability of an onalyte UNA strand to hind nanoparticles to th 
i linking oligonucleotide was prepared. The li: 



(prepared as described in Example 2) was 24 bp long (S 1 
TACGAU'lTGAGAATCCTOAATOCG [SEQ ID NOi34]) with a* 
12 bp end lhal was complementary to die DNA already adsorbed onto the substrate 
surface (SEQ ID NO:33). The substrate was then soaked in a hybridization buffer (O.S M 



OD, \.7 |iM) for 1 2 hours. After removal and rinsing with similar buffer, the substrate 
was soaked in iisoluiinn containing 13 :vm diameter gold nanoparticles which hsd been 
modified with an oligonucleotide (TAGCACTTACOC 5'filiol [SEQ ID NO:35)J 
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(prepared as described in Example 3) thai is complementary to (he uohybriiliied portion 

substrate was removed and rinsed with the hybridization buffer. The substrate color had 
darkened to a purple color and the UV-vis absorbance at 520 run approximately doubied 
5 (Figure 14A). 

To verify that the oligonucleotide modified gold nanoparliclcs were attached to 
:le modified surface through DXA hybridization 




The detection syilen, illustrated in figure* 1 5A-0 was designed so thai the two 
20 probes 1 and 2 align in a tail-to-tall fashion onto a complementary 4 («= Figures 
WA-G). This differs from the system described in Example 5 where the two probes align 
arget strand (see Figures 1 2A-F). 
the oligonucleolide-gold nannparticle conjugates 1 and 2 illustrated in J-lgures 

pcrscd in hybridization buffer (0.3 M NaCI, 10 mM phospbf.te, pH 7). The final 
parricfe-olisonucleotide conjugal* concentration was estimated to be 13 nM by 
Hiring the reduction in Intensity of the surface plusmon band at 522 am which gives 
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nanoparticle conjugate 1 and 2 was mixed with 60 picomolcs (6 uL) of targes 4. the 
solution color immediately changed from red to purple. This color change occurs as a 
result of the formation of large olisonuclcotidc-lmkcd polymeric networks of gold 
ch leads 10 a red shirt m the. s<er!V:e. plasmon resonance of Ihe 



>ic aggregates 

suspended aggregates was performed. To perform die 'melting analysis' 
was diluted In I ral willt hybridization bufTer, and the 
at 260 ran was recorded at one Ulir.ule intervals as the temperature was i 
25'cto' 



15 (foil widdi at half maximum. FW, n of the first derivative = J.5'C) wnt observed with a 
urc" CI „) of 53.5*C. This compares well with the T„ associated with 
ion observed for oligonucleotides without nanoparticles (T„ - 54*C, 
FWia ~13,5'C). The 'melting analysis' of the oligonttcleotide solution without 

as the analysis with nanoparticles. 



To test Ihe selectivity of the system, the T„ ft 
contained imperfect- targets exhibited significant, measurable desiobillzatlon when 



eel byT„, 



tee Figures 15A-G). T 
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alignment ofbolli probes onto Ihe target is net 
therefore, a color Chang:. The first co; 
without target present. The second control experiment consisted of both probes 1 ml 2 
with a target 3 that is complementary to only one of the probe sequences (Figure 1 5B). 
The results are presented in Tabic 4 below. Pink spots signify a negative lesl. and Mai 



Notably, the color 

over less than l'C, thereby allowing one to easily distinguish the perfect target 4 from the 
targets with mismatches (5 and 6), an end deletion (7), and a odc base insertion at the 
point in the target where the two oligonucleotide probes meet (S) (see Table 4). Ncfle that 

controls, there were no signs of particle aggregation or instability in the solutions, as 
evidenced by the pinkish red color which was observed at all temperatures, and they 
showed negative spots (pink) in the plate test at all lempciutuns (Table 4). 

The observation that the one base insertion target 8 can be differentiated Tom the 
fully complementary target 4 i s truly remarkable given the complete complementarity of 
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hybridized to the target nucleic acid affect whether a color chanee will be observable 
when the olismiucleotide-nanopanic'.e conjugates hybridize with the nucleic acid targets 
to form aggregates. For instance, gold uanopanicles with diameters of 13 nm will 
5 produce a color change when aggregated using oligonucleotides attached to the 

nanopanicles designed to hybridize with target seances 10-35 nucleotides in length. 
The spacing of the nanoparlicleswheriihey ate hyhridiy erl to Hie target nucleic acid 
ndajuste to give r. coior chtnge will vnry with :lio extent of aggregation, as the results 
demonstrate. The results also indicate that the solid surface enhances further aggregation 

1 0 of already-aggregated samples, bringing the gold nanopartkles closer together. 

The color change observed with gold nanopartkles is attributable to a shift and 
broadening of the surface plasmon resonance of the gold. This color change is unlikely 
for gold nanopartieles less than about 4 nni in diameter because the lengths of the 
oUgonuclcotidcs necessary for specific detection of nucleic acid would exceed the 

15 ninoparticle diameter. 

Example 9: Assays Using Nanopertielc-Oliepimcleolide Conjugates 

Five microliters of each probe 1 aud 2 (Figure 12 A) were combined to a final 
concentration of 0.1 M NaCl with buffer (10 nuM phosphate, pH 7), and 1 microliter of 

spotted on a C-18 TLC plate, a blue color did not develop. To a similar solution 
containing 12.5 microliters of each probe and 2.5 microliters of human urine, 0.25 
rniwolilers(10picomoles)oftarget3(figoie 12A) was added. The solution was frozen, 
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ATOCTCAACTCT fSF.Q ID NO:33;). After 1 2 turn of soaking lime, the slides were 
removed and rinsed with water. 

To demonstrate the ability of an analyie DKA sirand lo bind nanoparlicles lo Che 
modified substrate, a linking oligomiclcoiide was prepared. The linking oligonuclcolidc 
was 24 bp long (5' TACGAGTTG AGAATCCTGAATGCG [SEQ JD NO:34J) with a 

onto the subslrale surface. The subslrale was then soaker! in a hybridization buffer (0.5 
M NoCI, 10 mM phosphate buffer pH 7) solution containing the linking oligonucleotide 
(0.4 00, 1.7 pM) for 12 hours. After removal ami rinsing wilh similar 



li GGACITAO* 
NCW5I) llml » complement y to the unhyhri iiiz=d portion of Ihc li 
attached lo the subslrale. After 12 hmus of soaking, thi 
rinsed with the hybridization buffer. The glass substrate's color had changed from clear 
15 and colorless to a transparent pink color. See Figure 19A. 

Additional layers of nanoparticles were added lo the slides by soaking the slides 



[SEQ ID NO:33]) altached (hereto. After soaking for 12 hours, the 

hybridization buffer as described above. The color of the slide had become noticeably 
more ted. See Figure 19A. A final nanoparliole layer was added by repealing Ihe linking 
oligonucleotide and nanoparticlc soaking procedures using 13 nm gold nanoparticles 
which had been modified with, an oligonucleotide (TAGGACTTACGC 5' thiol [SEQ ID 
25 NO:35]) as Ihe final nanoparticle layer. Again, Ihe color darkened, and (he UV-vis 
absorbanoe av 520 nm increased. SeeFigore I9A. 

To verify that the oligonucleotide modified gold nanoparticles were attached to 
Ihc oligonucleotide modified surface through DNA hybridization interactions with the 
102 



